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Major . Land Resource Area (MLRA) 102A is predominantly used for 
agricultural purposes with most of the acreage uti lized for·small 
grain and row crop production . Much of the area ' s  fertility status 
has been studied and related to soil classification ( Westin , 1976) . 
However , this information is mainly based on surface ·soil tests 
obtained from samples sent to the SDSU Soil Testing Laboratory . 
Information is  needed on the subsoil and parent material nutrient 
reserves of the soils in this region . 
With time , money , and qualified personnel as important 
constraints  to agricultur�l developmen� , agrotech�ology transfer i s  
crucial for the short term solutions t o  agricultural problems i n  South 
Dakota . Site-specific research is_time consuming and expensive . With 
decreasing government and private funding , South Dakota does not have 
the capability to undertake and sustain this kind of research . 
Agrotechnology transfer is the taking of an agricultural innovation 
from its site of origin to a new location where it i s  mos t  likely to 
succeed ( Uehara , 1984 ) . Agrotechnology transfer is used to improve 
the quality and speed of information exchange . 
Transfer of soil-based agrotechnologies requires a widely used 
soil classification system and a soil survey program that employs 
proven specifi ·cations·. Soil Taxonomy is the system of  soil 
./ 
classification developed by the USDA Soi l Conservation Service ( Soil 
Survey Staff , 1975) . The system was designed for making and 
2 
interpretating soil surveys and is ideally suited for agrotechnologr 
transfer . Soil Taxonomy provides a comprehensive classification 
system that groups soils with similar physical and chemical properties 
that affect the soil's behavior and use . 
The substantial developments in soil classification have been 
paralleled by improvements in soil fertility evaluation and use of 
fertilizers and soil amendments . However , the two fields have not 
been as closely coordinated in many areas , as would be desirable . 
Soil scientists go into great detail in sampling soil profiles and in 
measuring and describing what they find in the field . However , some 
of the characteristics described may not be of great importance in 
management of soils for agricultural purposes . Soil fertility 
specialists tend to work within their own areas of  interest in 
developing soil management procedu�es . Additional efforts are needed 
by soil scientists involved in soil classification and those in soil 
fertility to integrate the two fields more completely in efforts to 
make reports more useful to users of the soil (Silva , 1 985 ; Cope , 
1984 ; and Uehara , 1984 ) . 
The objectives of this study were : 1 )  to determine subsoil and 
parent material nutrient levels in major/benchmark soils in 
northeastern South Dakota and relate that information to soils  
taxonomically similar ; 2 )  to determine the relationships between 
subsoil and parent material nutrient levels with the genesis and 
classification of these soils ; 3 )  to describe soil variability at the 
soil series level for selected soil properties within the studied 
series ; and 4)  to construct a table indicating subsoil and parent 
material nutrient levels in soil associations found in MLRA 102A. 
This will speed up and reduce costs in nutrient level determinations , 
will aid fertility specialists in improving the quality and quantity 
of fertilizer recommendations , will aid in increasing the quality of 
soil surveys and soils data due to soil variability information , and 




REVIEW OF LITERATURE 
SOTI. GENESIS 
The soil profile is formed from the parent material over a 
long period of time as a result of soil formation. The factors that 
control soil formation are climate , biota , parent material , 
topography , and time . 
"These factors have geographical expression and the degree and 
amount of overlap and interaction throughout time provide the 
fundamental concept of soils as geographic bodies . This basic 
pedological model of soil is one that emphasizes the interactions of 
c limate and biologic activi ties working on a parent material and which 
are modified by  local topography and landscape evolution through "time 
giving rise to recognizable soil horizons" ( Wilding et al . ,  1 983 ) . 
Presumably , these same factors also affect_ the fertility 
status of soils . The soil formation process involves gains , losses , 
transformations , and translocations of constituents within the 
environment (Malo , · 1 987 ) . It is these transformations , 
translocations , losses , and gains that are studied , described , and 
measured to aid in understanding soil genesis .  
Of the five factors that control soil genesis , climate has the 
most 
.
pronounced influence since it directly affects soil development 
through precipi tation .and temperature and it determines the type of 
natural vegetation . Climate is a factor in organic matter 
accumulation in soils, in weathering and leaching, and in clay 
5 
formation and indirectly influences physical and chemical properties. 
and types of clay minerals . Climate is reflected in Soil Taxonomy 
principally at the suborder and subgroup levels . Parent material 
influences soil texture , mineralogy ,  and degree of stratification . It 
also has an indirect influence on the fertility status of soils . 
Topography modifies soil profile development through its influence on 
water intake , rate of erosion , and to some degree on the microclimate .  
In this respect , topography also influences fertility levels of soils . 
Time is the soil-forming factor that represents potential for change . 
As soils become older and more weathered , changes occur that have 
marked influences on their behavior such as leaching of bases leaving 
an acid , relatively infertile soil . The vegetative or biotic factor 
of soil· formation influences organic matter levels , mineral 
weathe!ing, fertility levels , and tQ some extent structural 
development ( Buol et al . ,  1 973 ; Wilding et al . ,  1983 ) . 
The process of soil formation is a complex or sequence of 
events , including complicated reactions and simple rearrangements of 
matter , that affects the soil in which it operates . Numerous events 
may take place simultaneously or in sequence to mutually reinforce or 
contradict each other (Buol et al . ,  1973) . There are many processes 
involved in soil formation , too numerous to mention here, each giving 
different characteristics to the soil . Some processes take long 
periods of time (hundreds to thousands of years)  and others , 
comparatively short periods of time . In the study. area , the major 
soil forming processes include : decalcification and calcification, 
decomposition , melanization , eluviation and illuviation , leaching , 
surficial erosion , pedoturbation , gleization , and lessivage . 
SOD. FERTTI.ITY and SOD. GENESIS 
Nitrogen 
Nitrogen ( N )  is a very mobile element circulating between the 
atmosphere , the soil , and living organisms . There are many factors 
and processes involved in this N-turnover , both physiochemical and 
biological . Contrary to t�e commonly held ·belief that the atmosphere· 
is the largest reservoir of N ,  the highest amount , approximately 
18*101 5  tons , is  present in a fixed_form in the earth ' s  crust 
( lithosphere ) in rocks and sediments . The atmosphere contains about 
3 . 8*1015  tons of molecular N ( Mengel and Kirkby , 1982 ) . The soil 
6 
accounts for only a minute fraction of lithospheric N and only a small 
portion of this is  directly available to plants .  Nitrogen found in 
.the earth ' s  atmosphere is an inert gas and cannot be directly uti lized 
by nonleguminous higher plants . 
Soil N basically falls into five categories : 1 )  N in organic 
matter ; 2 )  mineral or inorganic N in the soil solution and on exchange 
positions ; 3) ammonium· fixed in clay minerals ; and 4) gaseous N in the 
\.,-
soil atmosphere (Barber, 1984 ; Carski and Sparks , . 1987 ) . Of these 
categories , soil N is primarily in the . organic matter. 
Nitrogen in organic matter primarily occurs as NH2 groups in 
amino acids and amines . Nitrogen in an organic form is , for the most 
par� , unavailable for plant use . It  is available when i t  has been 
converted to inorganic forms as microorganisms decompose organic 
compounds , a process termed "mineralization" . Conversel y , when 
inorgani� N is converted to organic forms the process is called 
"immobilization" ( Fixen , 1 987) . 
During the mineralization process , organic N is slowly 
converted to the ammonium ( NH4+) ion ( ammonification) which can then 
be converted to nitrite ( No2-) and finally to nitrate (No3-) which is 
termed "nitrification" . The reversal of this process is called 
"nitrate reduc tion" . Under reducing conditions , nitrate or nitrite 
can be converted to a gaseous N form ( denitrification ) and 
subsequently be lost  from the soil system.  Other losses of  N in soil 
occur.through crop removal , leaching , and volatilization ( Fixen , 
1987) . 
7 
Nitrogen in the soil atmosphere can be made plant available 
through the activi t ies of symbiotic root microorganisms , such as those 
from the genera Rhizobium and also by nonsymbiotic ( free-living) 
microorganisms , such as Azotobacter , Clostridium , Enterobac ter , and 
Rhodospirillum , that fix N in the soil , a process called "nitrogen 
fixation" (Mengel and Kirkby , 1 982 ) . 
Ni trogen i s  a mobile element in soil and can be leached from 
the upper to lower portions of the soil profile . Nitrogen is leached 
primarily in the ni trate form but can also be leached in the nitrite 
8 
' form (Bates and Tisdale , 1 957 ; Allison , 1966 ; Olsen et  al . ,  1 9 70 ) . 
Soil tests for N are based on a 0-15  em and a 1 5-60 em (when 
available ) sampling depth  in South Dakota (Carson , 1 980) , indicating 
that the import ance of subsoi l  N reserves has been recognized . 
In Nebraska , researchers found that a 1 60 em sampling depth 
was needed because N down to a 140 em depth had equal availability to 
N found in the upper portions of the profile and N to a 1 60 em depth 
was available for plant use (Herron et al . ,  1968 ) . Burns ( 1980 ) found 
that plants could obtain large quantities of N from the subsoil . 
Several other researchers have noted an increase in nitrate nitrogen 
deeper in the soil profile especially aft er continuous corn ( Schertz 
and Miller ,-.1 972 ; Olsen et al . ,  1970 ; Stewart et ai . , 1 968 ) . 
To my knowledge , no research has been conducted determining 
relationships between the form�and gistribution of N with soil 
genesis . Since N moves rapidly down the soil profile , the 
relationship between soil genesis and N distribution would be 
dif ficult to see or determine . It would stand to  reason , however , 
that in older soils that have been excessively leached , that there 
.would be little or no accumulation of N deeper in the profile . Malo 
and Worcester (1975)  found soil N03-N levels were minimal at the 
shoulder position and maximal at the toeslope on a landscape in North 
Dakota.  Relative amounts of N could therefore be used to  determine 
where soils formed in young glaciated landscapes with undeveloped 
drainage systems . Since N is important in biolog�cal systems , the 
influence it has on organic matter accumulation and decomposition is  
related to  the biotic factor in  soil formation . 
Phosphorus 
The total phosphorus (P)  content of the earth's crust is 
approximately 0 . 1 2% .  In soils , the P content ranges from 0 . 02 to 
0 . 5% ,  averaging about 0 . 05% . Soil P is supplied by parent materials ,  
organic matter , or b y  fertilizer input s .  Soil P can be divided into 
four broad categories : 1 )  soil solution P; 2) adsorbed P ;  3 )  mineral 
9 
P ;  and 4 )  organic P ( Barber , 1 984) . The largest fraction of P in soil 
profiles is· present in·a mineral form not readily available to plants . 
The dominant phosphorus minerals are calcium ,  aluminum , and iron 
1 phosphates . 
� ( pH > 7 )  whereas iron and aluminum phosphates usually dominate acid 
Calcium phosphates usually dominate more alkaline soils  
soils (Lindsay , 1979 ) . 
As muc h  as  one-half or more of the total P in surface soils (A  
horizons ) may be present as  organic P ,  depending on the organic matter 
content of the soil . The P concentration of organic matter is 
approximately 0 . 5% .  Organic compounds.of phosphorus are primarily 
esters of orthophosphoric acid but include nucleic acids , 
phospholipids , other esters , and inosital phosphate which is most 
resistant to decomposition. In uncultivated soils , the recycling of 
P ,  caused by plant uptake and decomposition of plant residues , causes 
1 0  
surface soils t o  have a higher total P contents than subsoils ( Barbe� , 
1984 ) . 
Phosphorus concentrations in the soil solution and adsorbed on 
the surfaces of soil constituents such as Fe and Al oxides are low for 
most soils . In  an ionic form, P in soil solutions will  either be 
H2Po4
- or HP04
2- , depending on the pH . In addition to  ionic forms of 
P, as much as one-hal f  of  the soil solution P may be present as 
soluble organi c  compounds , depending on the organic matter content 
( Lindsay , 1979 ) . 
Studies dealing with the importance of subsoil P in fertility 
considerati ons are conflicting . Subsoil P testing added some , but not 
much , precision of forecasting P needs of crops grown on some Nebraska 
soils ( Olson et . al . , 1 958) . A series mean subsoil test value had more 
meani�g than individual subsoil values . In Minnesota , Grava ( 1 961 ) 
found subsoil P to be important in two of four soils studied and that 
the importance of subsoil P was related to pH . Other researchers have 
concluded that plants could obtain large quantities of P from the 
subsoil ( Fox and Lipps , 1964) . On the other hand , Barber ( 1984 ) 
concludes that subsoil P is not important in Alfisols and Ultisols .  
Studies have shown that the quantity , form , and distribution 
of P can be useful in understanding soil genesis .  Most parent 
materials contain mainly calcium phosphates which hydro lyze during 
soil formation to supply P to the soil solution . This  solution P may 
become ads orbed to  mineral surfaces , precipitate with various cations , 
or be incorporated into the biomass and soil organic matter . During 
11 
the weathering of soils , bases and silica are lost and Al and Fe 
oxy-hydroxides are generated , allowing the formation of secondary Fe 
r 
and Al phosphates . In unfertilized soils , low phosphate solubilities 
and minimal environmental inputs into the soil result in a very stable 
J total P balance during such transformations . primary and secondary inorganic phosphates and of organic P can The relative amounts of 
1 I therefore be used to follow weathering processes in soils and provide 
an index of the relative age of soils . Phosphorus redistribution can 
help clarify processes which were and are presently active in 
pedogenesis ( Smeck , 1 973 ; Walker and Syers , 1976 ; Sharpley et al . ,  
1 987) . 
Organic P and total P have been found to decrease as  profile. 
development increases and the distribution of organic P drops at a 
progressively greater rate with depth as profile development advances 
(Godfrey and Riecken , 1954 ) . They conclude that a definite 
relationship exi sts between the quantity and distribution of P and the 
stage of profile development . Westin ( 1976) found total P to decrease 
as precipitation increased and that total P increased as temperature 
increased . He concluded that relationships existed between the 
quantity of P and the classification of these soils and therefore the 
genesis of these soils which is consistant with results  of others 
(Westin and Buntly , 1966 and 1967 ; Fixen and Carson , 1 978 ; Tiessen et 
al . ,  1984 ) . 
Considerable translocation of P takes place over the long time 
spans involved in soil formation even though P is relatively insoluble 
12 
in soil s . Thi s transloc�tion can serve as an indicator of water 
movement in soil profiles and landscapes . Its translocation can also 
control the distribution of vegetative types and organic matter 
production in soils and landscapes which affect profile 
characteristics . Landscape distribution of P can aid in 
distinguishing soils formed in downslope positions from those formed 
in upslope positions (Bauwin and Tyner , 1 957 ; Smeck , 1973) . Roberts 
et al . ( 1985 ) found the level of inorganic P decreased from upper to 
lower slope positions whereas organic P increased which agrees with 
results found by others ( Smeck , 1 973 ; Westin , 1 976 ; and Tiessen et 
al . , 1 984 ) . Malo and Worcester ( 1975)  found extractable P increased 
moving from upper to lower landscape positions . The larger amount of 
extractable P in the lower landscape positions was attributed 
prima�ily to a larger amount of organic matter in these positions . 
Potassiu. 
Potassium (K) is  a major component of the lithosphere , having 
an average content of about 2%. Soil K can be placed into four 
general categories : 1 )  soil solution Ki 2) exchangable K ;  3 )  
non-exchangable o r  difficultly exchangable K; and 4)  mineral K 
(Barber , 1 984) . The greatest proportion of  this K is bound in primary 
minerals or is present· in secondary clay minerals which largely make 
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up the clay fraction of the soil . In micaceous soils , these secondary 
clay minerals are predominant in controlling the equilibrium between 
the exchangable and nonexchangable pools of K .  Thus, soils rich in 
clay are generally rich in K ( Gardner , 1967 ; Kovar and Riecken , 1 976 ; 
Lee and Metson , 1 98 1 ) .  Primary minerals containing K are found 
principally in the coarser size sand and silt fractions . The major K 
bearing primary minerals include biotite and muscovite micas , 
orthoclase and microcline feldspars , and volcanic glasses . Potassium 
is  also a minor constituent of plagioclase feldspars ( Somasiri et al . ,  
1971 ; Lee and Metson , 1981 ) .  
Minerals release K slowly and rates vary with the type of 
mineral . Relati v·e rates of release of the major K-bearing minerals 
from similar sized particles are in the order of : biotite > muscovite 
> orth,oclase > microcline (Barber, 1984) . Potassium is found in the 
micas between the silicate layers and can be exchanged by other 
cations when the silicate layers are expanded . This release occurs 
primarily along the edges of the mica . The K-feldspars are three 
dimensional and have no cleavage planes for weathering . Release of K 
from these minerals primarily comes from the weathering of surfaces 
and mineral decomposition and consequently the release is much slower 
than that from the micas . Somasiri and others ( 197 1 )  found that the 
bulk of K to reside in K-feldspars in soils where mineral weathering 
had reached an intermediate stage . Consequently , the form of K can be 
related to the genesis and classification of soils .  
r-:•: � ' I:. ' ','t'( s , ,. , ., ' ' . '.- :v 
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The reversible K-release and K-fixation mechanisms associated . 
with secondary 2 : 1  clay minerals are very important to the behavior of 
K in soils . Clay content is dependent on the soil parent material and 
pedogenesis . Secondary clay minerals are formed by the weathering of 
primary micas during soil formation , or may be inherited from previous 
cycles of weathering and deposition (Lee and Metson , 1 981 ) . Mature 
soils having been subjected to strong weathering conditions are often 
low in 2 : 1 clay minerals and K .  So highly weathered sand y soils have 
markedly  lower K contents compared to young soils such as those formed 
in volcanic material or those formed in relatively young glacial 
materials having undergone less weathering and pedogenesis (Graham and 
Fox , 197 1 ; Kovar and Riecke� , 1 976 ; �estin , 1 976 ) . Organic soils are 
usually very low in K due to their low mineral contents .  Potassium 
does not occur in large amounts in organic compounds so mineralogy is 
the key in determining the K status of soils ( Lee and Metson , 198 1 ) . 
Researchers have found that calcareous clay soils have a 
long-term supply of plant available K while sandy textured soils do 
not (Havlin and Westfall , 1 985 ) . Others have shown that K 
availability decreases as precipitation increases ( Wells and Riecken , 
1969 ; Westin , 1 976 ; Lee and Metson , 1981 ) .  As moisture increases so 
does K utilization by plants and there is more moisture available for 
leaching . Also , increasing moisture increases weathering and profile 
development which is known to lower K levels (Wells and Riecken , 
1969). In addition , relationships have been found. between soil test K 
wi th landscape position (Malo and Worcester , 1975). Consequently , the 
quantity and distribution of K can be related to the classification 
and genesis of soils . 
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Potassium in the soil solut ion and on exchange sites are 
considered to be  the most readily available for plant uptake . As 
i�adily available ( soil solution) K is utilized by plants or is 
removed by leaching , it �s slowly replenished by reserve forms of K 
( in the absence of fertilization) . So knowledge of K reserves is 
important in the overall K fertility status of soils ( Lee and Metson , 
198 1 ; Barber ,  1 984) . Woodruff and Parks ( 1980) found some soils 
testing low in plow-layer K showed no increase in yield when 
fertilized because of the presence of high levels of subsoil K .  They 
concluded that subsoil K reserves should be considered along with .Ap 
soil test-K to characterize the soil fertility status . Grava ( 196 1 )  
also concluded that crops may not give yield increases when fertilized 
because of high subsoil nutrient reserves . 
Sulfur 
Sulfur ( S )  is  the tenth most abundant element in the universe . 
The earth ' s  crust contains about 0 . 06% S, but concentration s  in soils 
varies widely .  Occurrence of S deficiencies in the past has been 
limited to a few geographical areas . However , with increasing use of 
emi ssion control s , use -of S-free fertilizers and low S containing 
coals , reduced amounts of S used as pesticides , reduced soil organic 
matter contents on poorly managed soils , and higher crop yields , S 
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deficiencies are now being reported with increasing frequency 
(Coleman , 1 966 ; Stevenson , 1 986 ) . 
Sulfur naturally occurs as gypsum ( CaS04*2H20 ) ; pyrite ( FeS2 ) 
in shale , limestone , and sandstone ; elemental S in bituminous shales 
and various sedimentary traps ; sulfur oxides in the atmosphere ; and as 
part of humus ( Stevenson , 1 986 ) . Variable amounts of atmospheric S ,  
primarily sulfur dioxide and soluble S compounds in the atmosphere , 
can be added to the soil through rainfall and dry fallout . Estimated 
amounts added to the soil vary from 2 to as much as 200 kg S/ha in 
heavily industrialized areas . In South Dakota , it has been estimated 
that 10  to 20 kg/ha of atmospheric S is added to soils each year 
(Fixen , 198 7 ) .  In soils , sulfur can be placed into five categories : 1 )  
sulfate in �olution ;  2 )  adsorbed S ;  3) sulfate minerals ; 4) 
sulfur-�ontaining minerals ; and 5 )  organic S ( Barber , 1 984) . 
The principle original source of S in soils is pyri te in 
igneous rocks. During weathering and soil formation , the S of pyrite 
oxidizes to the sul fate ion which can be assimilated by p lants and 
microbes , retained in soils as gypsum and epsomite (MgS04*7H20 ) , or be 
leached down or out of  the soil profile. In highly weathered soils , 
only small amounts of organic or mineral S remain. In many soils , 
most of the S is found in organic matter (Barber , 1984) . Rehm and 
Caldwell ( 1968) found an average S content of 501 mg/kg for 1 8  
Minnesota soils and that differences in S content were closely related 
to differences in organic matter levels. Tabatabai and Bremner ( 1972)  
found 95 to  98% of  the S to occur in  organic matter in  some Iowa 
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soils . Organic S is made available for plant uptake through the 
mineralization of organic matter and the subsequent oxidation of S to 
sulfate by S-oxidizing microbes such as Thiobacillus thiooxidans . 
Soil solution sulfate is immediately available for plant 
up�ake and also can be leached easily . Levels of soil solution 
sulfate are dependant on many factors including : soil organic matter 
content , mineralization rate , adsorbed sulfate levels , mineral sulfate 
and degree of weathering . Most soils have some capacity to adsorb 
sulfate . Horizons lower in the soil profile have generally been found 
to adsorb more sulfate than upper horizons (Barber , 1 984 ) . 
Consequently , subsoil sul fate levels could be very impor tant in 
determining the S fertility status of soils . 
Sulfur deficiencies in early growth stages do not always 
result in final yield reductions in many crops due to a greater 
contribution of subsoil sulfate and/or S mineralization . An estimated 
55% of S needed by sorghum was derived from the topsoil and the 
remaining 45% from the subsoil ( Hue and Cope , 1987) . Bole and Pittman 
( 1984) found that barley grown on soils low in surface so4-s and high 
in subsoil S did not respond to added fertilizer S .  Controlled 
environment studies showed both barley and rapeseed plants were 
capable of effectively utilizing so4-s at depths of 54 em and greater . 
Simi larily , Sanford and Lancaster ( 1962 ) found that subsoil so4-s 
tended to be higher than the corresponding surface soil and that 
subsoil S was almost as available as that in the surface . Total and 
soluble inorganic S have been found to increase with depth and that 
CaC03 associated sulfate accounted for up to 42% of the subsoil S 
( Roberts  and Bettany , 1985 ) . 
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The quantity , form, and distribution of S within the soil 
prof ile is  dependent upon factors of soil formation and therefore can 
be useful in understanding soil  genesis. Sulfate is soluble in soils 
and its translocation can serve as an indicator of water movement in 
soil profiles and within landscapes. Topography influences the 
distribution of soil S in much the same way as climate and vegetation 
because of its  effect on moisture conditions and amount s  of vegetative 
growth and can explain some of the local variability in plant 
available S and S supply . 
Total S in surface and subsurface horizons generall y  decreases 
from upper to lower slope positions. The amounts , nature , and 
distri�ution of S within the soil prqfile have been found to be 
strongly influenced by topography and hence , the genesis of the soil 
(Roberts and Bettany , 1 985 ) . Soils formed in cool , moist climates 
having high organic matter contents due to less mineralization will 
have much of their S in an organic form. Soils having undergone 
minimal soil formation will  contain most of their S in a mineral form. 
SOIL VARIABILITY 
Knowledge of variability in soil properties is probably as old 
as soil classification. Concerns about the similarities and 
differences in soils classified · the sa�e began to appear in the 
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literature about the turn o f  this century (Vieira e t  al . ,  1 98 1 ) .  
Today , taxonomic impurity of soil mapping units is well acknowledged 
and the proportions of inclusions or impurities are commonly specified 
in soil survey reports (Campbell , 1978 ; Trangmar et al . ;  1 985 ) . 
However ,  the·re are increasing pressures by the users of soil survey 
information for the quanti fication of soil variability and the 
assessment of confidence l imits for soil properties at the soil series 
level of classification (Miller , 1978 ) . 
Soil classification has traditionally been the most practical 
approach to grouping similar and separating different soils . The 
primary function of a soil survey is to recognize and if pos sible 
group together soils of similar morpJ:lology, genesis , and certain 
physical and chemical properties ( Soil Survey Staff , 1 975 ) . The local 
complexity of soil patterns associated with glacial landforms has been 
well documented and this complexity makes it difficult to c lassify and 
group soil types into practical mapping units for purposes of  
recommendation and study (Wilding and Drees , 1983 ; Trangmar et al . ,  
1985 ) .  
Similar difficulties are encountered in the study of 
productivity and fertility levels of soil types . The preci�n of 
����..\_�-=--::::. .. :�-..-+----� 
statements that can be made about a soil depends on the amount of 
variation within the area sampled . As heterogeneity of soils  
increases , the precision of statements.that can be  made about" their 
properties decreases (Trangmar et al . ,  1985 ) . Soil properties are 
usually studied by taking samples along. a grid or some other pattern 
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�. with the assumption that properties measured at a given point are � representative of the immediate , unsampled area . The degree to which 
1f this is  true depends on the spatial dependence that exists among 
� samples ( Yost et al . ,  1 982 ) . 
The three main sources of variation in soil testing include : 
1 )  soil sampling and laboratory analysis ; 2 )  seasonal variation ; and 
3) spatial or field variation ( Cameron et al . , 1971 ) .  Variability due 
to soil sampling can be greatly  reduced by using the same tools at 
each sampling site to  give similar sized samples and by using 
uncontaminated tools . The type of tool used has been found not to be 
significant as long as a uniform sample is obtained to the desired 
depth at each site (Welch and Fitts , 1 956 ) . · With today's 
· sophisticated equipment ,  variability due to laboratory analysis is 
usually ,of minor significance (2 to 4%) as long as clean equipment is  
used , samples are treated the same , and the same individual performs 
the experiment . Seasonal variation is uncontrollable but can be  
reduced by sampling during the same time of  the year . 
1 The largest source of variation in soil testing is due to the Jf spa�ia� variation in soils ( Cameron et al . ,  1971 ) .  The source of this I var1at1on can be attributed primarily to . two main factors : 1 )  
variation origina ting from soil genesis ; ·  and 2 )  variation imposed by 
man's management of soils ( Beckett and Webster, 1 971 ; Wilding and 
Drees , 1983 ) . Parent material may vary irregularly over short 
distances as in alluvial stream deposits or more gradually  across the 
out crop of a sedimentary rock ( Beckett and Webster , 1 9 7 1 ) .  Loess 
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I . [oe-�� ( soils have been shown to be the least variable parent material in 
., I fJ physical properties followed by glacial drift , residuum , and alluvium 
fl l in that order (Mausbach et al . , 1 980). Coefficients of variation ( CV) 
' 1 �� were highest for C horizons and approximately equal for . A and B 
• f ! i �·· horizo�s . For chemical properties , glacial drift was the most  
� I. 
j variable and loess was the least . Organic carbon was the most  i., I) 
1 1 variable property and pa was the least (Mausbach et al . ,  1 980) . 
Patterson and Wall  ( 1982) found that sand , silt , and clay had 
CV values around 30% and that A horizons were the least variable which 
��� M � are similar to results  found by ausbach . They also showed that up to 
'! 
five samples were needed to achieve satisfactory levels of accuracy at 
the 95% confidence leve·l .  Harradine ( 1949 ) showed that young soil s  
varied i n  their characteristics t o  a greater degree than d i d  more 
mature soils . A good correlation between decreasing variability with 
increasing maturity was obtained from the measurements of clay 
content , pH , and total N .  Other properties exhibited greater variance 
but similar trends were indicated . Besides natural spatial 1 1 variability , Hemingway ( 1 955) showed that variance greatly increased 
I, where manure , lime , or fertilizer had been applied which agrees with results found by Robertson et al . ( 1980 ) �  
Spatial variability can be grouped into two broad categories , 
systematic and random . Systematic variability can be defined as 
gradual or distinct changes in soil properties that can be understood 
in terms of soil-forming factors or processes . Differences in observed 
soil properties which can not be related to a known cause are termed 
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random variability ( Wi lding and Drees , 1 983). Numerous studies have 
examined variation of soil properties over distance . Most of this 
research has relied upon analysis of variance procedures to measure 
relationships between distance and variance (Campbell , 1 978). Despite 
the various sampling and statistical procedures , no theory was 
developed that quantified spatial relationships among sample values 
and allowed for interpolation of values at unsampled locations until  
1963 ( Trangmar et al . ,  1 985 ) . 
Recent developments in statistical theory enable spatial 
relationships among sample values to be quantified and used for 
interpolation of values in unsampled areas . These development s  are 
based on the theory . of regionalized variables proposed by Matheron 
( 1963) . This theory , called "geostatistics" , takes into account both 
structur�d and random characteristics pf spatially distributed l 
variables to provide quantitative ways for their unbiased estimation \ 
(Trangmar et al . ,  1 985 ) . \ 
Geostatistics is a relatively new field which uses statistical 
theories called "autocorrelation" ,  "semi-variance" ,  and a method of 
prediction known as "kriging" .  Autocorrelation expresses the linear 
correlation between a spatial series and ·the same series at a further 
distance interval . The semi-variance is a statistical function 
tailored for the analysis of continuous geographic variables . 
Formulas and underlying assumptions needed for calculating 
semi-variance and autocorrelation values can be found in the 




Trangmar et al . , 1 985) . Kriging is a form of weighted lo�al averaging 
which provides estimates of values at unsampled places without bias 
and with minimum and known variance (Burgess and Webster , 1 980a ; 
1980b). 
Soil properties tend to be more similar as samples that are 
closer together are compared . The degree in which this is true 
depends on the spatial dependence of the soil property . Campbell 
( 1978) using the semi-variance found a distance of 30 to 40m was 
sufficient to encounter full variation of sand content in two soils 
and pH was found to have random variation . Yost et  al . ( 1982) found 
the ranges of the semi-variograms at the 0-1 5  em depth for soil pH , 
Ca , Mg , K ,  Si , and P were 32 to 42 m .  �emi-variograms �or Ca , Mg , K ,  
and P based on 30-45 em depth samples demonstrated much greater 
variability and had smaller zones of influence ( 10-14  m for Ca , Mg , 
and K) or were extremely  variable (P). Vieira et al . ( 1 98 1 )  using 
autocorrelograms found the minimum sampling distance for determining 
field-measured infi ltration was about 10 m. Using the semi-variogram,  
�� which better expresses spatial dependence between neighboring 
observations , the range was 50 m .  
From these results  and others , the spatial variabilt y  o f  soi l 
properties is a significant· parameter that needs to be determined 
before extrapolating data to unknown areas . Spatial variability of 
soil properties differs from location to location and is not the same 
for each property . Spatial variability is a compli�ated subject but 
wi th computer technology, spatial variability of soil properties can 
be determined . 
AGROTECRNOLOGY TRANSFER 
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Agrotechnology transfer is the taking of an agricultural 
innovation from its site of origin to a place where it is  l ikely to 
succeed . In order to succeed , an innovation must be economically 
feasible , environmentally sound , and technologically workable in the 
new location ( Uehara, 1 984 ) . Transfer of agricultural technology is  
not a new concept .  Diffusion of information about crop varieties and 
livestock breeds has been around for many years . The introduction of 
new cultivars from the Americas to Europe had a large impact on 
European agriculture following the discovery of America . However , the 
dif fusion of information in preindustrial times took extended periods 
of time . With modern agricultural research and extension, the 
dissemination of information has increased considerably . However , the 
complexity of the transfer of ag�otechnolpgy has only recently become 
reasonably understood ( Beinroth et al . , 1980) . 
Agrotechnology may be transferred ··by means of three 
strategies : 1 )  trial and error, 2) analogy , and 3) systems analysis 
and simulat�on ( Uehara, 1 984 ) . The trial and error strategy is  too 
costly and slow and will ·not be discussed further . Transfer by 
analogy or systems analysis and simulation are markedly better and are 
currently under investigation or have recently been accomplished 
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( Silva , 1985 ; Uehara , 1984 ) . In order to make agrotechnology transfer 
by analogy effective , there is a need for : a soil program that employs 
proven specifications, a thorough knowledge of the soil resource , and 
a classification system that is widely understood ; Soi l  Taxonomy and 
the Fertility Capability Classification ( FCC) system are such 
classification systems ( Eswaran and Arnold , 1984) . Systems analysis 
and simulation is a strategy for agrotechnology transfer that utilizes 
high speed digital computers (Uehara , 1 984 ) . 
With the capability to predict the effects of a wide range of 
management systems for several crops , soils ,  and environmental 
conditions , scientists will be able to design experiments more quickly 
and effectively and evaluate alternate technologies in · less time and 
for less money (Jones , 1 986 ) . 
SOIL CLASSIFICATION and AGROTECHNOLOGY TRANSFER 
Each soil is  a unique combination of external and internal 
characteristics that can be observed out in the field and studied in 
the lab . It is these characteristics that help describe the genesis 
of a soil and predict its potential for various uses . A taxonomic 
classification of soils helps organize knowledge about soils and 
allows us to retain that knowledge . Soil classification also enables 
us to see relationships among and between soils and their environment . 
Soil classification incorporates ideas , experiences , and results from 
all areas of applied and fundamental soil. science and the products of 
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these areas can only be organized for accurate application by soil 
classification ( Beinroth et al . , 1980 ) . In response to growing 
discrepencies of the older soil classification system , referred to as 
the 1938 system ( Baldwin et al . , 1938 ) , work on Soil Taxonomy began in 
1951 . After 24 years of revisions and modifications , Soil Taxonomy 
was published in 1975 through the efforts and suggestions of many soil 
scientists , land-grant insti tutions , and foreign countries . Even 
today , Soil Taxonomy is still undergoing changes to meet the needs and 
growing knowledge of soils around the world ( Soil Survey Staff , 1975 ) . 
Soil Taxonomy 
Soil Taxonomy ( Soil Survey Staff , 1975 ) provides a 
comprehensive classification system that groups soils with similar 
physical and chemical properties that affect their behavior and use . 
Soil Taxonomy is a hierarchial system of soil classification and the 
specificity of information given about a soil increases from the 
highest to the lowest category ( Silva , 1985 ) . Six categories are 
recognized in Soil Taxonomy:  1 )  order ; 2 )  suborder ; 3 )  great group ; 4 )  
subgroup ; 5 )  family ; and 6) series (Soil Survey Staff , 1975 ) . 
Consequently , the series level of classification would have the most 
specific information and would theoretically be the best category to 
use as analogues in agrotechnolgy transfer since elements of soil 
formation are incorporated into the classification . One wou l d  expect 
soils of the same series to behave alike ·and have analogous crop 
production potentials , limi tations , and management requirements 
( Silva , 1985 ) . 
Some of the criteria used in separating each category are 
generally reviewed below with a greater emphasis given to· the soil 
series . · 
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1 )  Orders- . differentiated by the presence or absence of 
diagnostic horizons or features making differences in the degree and 
kind of dominant sets of soil forming factors . 
2) Suborders- differentiated based on properties that affect 
soil development/genesis such as moisture and temperature .  
3 )  Great groups- differentiated on the arrangement and type of 
horizonation and differences in base status . 
4 )  Subgroups- differentiated by the characteristics used in 
the higher categories . Three basic types of subgroups :  1 )  "t ypic" 
which defines the central concept of the great group ; 2)  "integrades" 
which define the relationships to other orders , suborders , and great 
groups ;  and 3) "extragrades" , which have properties not used in higher 
categories . 
5 )  Families- differentiated by properties affecting the use and 
management of the soil . Families are based on properties without 
regard to their significance as marks of soil processes or the lack of 
them . The main family groupings are particle size , mineralogy , 
temperature regime , and soil thickness . 
6)  Series- the differentiae used are mostly the same as those 
used for classes in the higher categories . to which the series belongs , 
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but the range permitted is less than is permitted in the family or 
some other category . A series may have virtually the full range that . 
is permitted in a family in several properties , but in one or more 
properties the range is restricted . A series cannot range across the 
limits of two families or between two classes of any higher category . 
Distinctions between similar series within a family are restrictions 
in one or more but not necessarily all the ranges in properties of the 
family ( Soil Survey Staf f ,  1 975 ) . 
Soil Taxonomy does not provide rules to define the soil 
series . The lowest category for which differentiating cri teria are 
specified is the soil family . This is the reason why research 
projects , such as · the Benchmark Soils Project ( Silva , 1 985 ) , use the 
soil family category ; · It is important to remember that soils within 
the same .family are not identical but �imilar . They can differ in 
characteristics such as slope , stoniness , degree of erosion , and other 
features known as soil phases . These characteristics separate soils 
into series ( Silva , 1 985 ) . Since predictions and transfers of crop 
performance and soil management could be refined · if they were based on 
information more specific than that contained at the soil famil y  
level , an arguement could b e  made in favor o f  using the lowest 
category of Soil Taxonomy ,  the soil series , as the basis for 
agrotechnology transfer ( Beinroth et al . , 1980) . Thi s , however , can 
only  be accomplished in a smaller geographical area where the series 
has been established . Attempts have been made at establishing the 
fertility connotation at the series level ( Barnes and Harper , 1 949 ; 
Odel l , 1950 ;  Smi th ,  1950 ; Shrader et al . ,  1 957 ; Olson et al . ,  1 958) , 
however results are inconclusive and more research needs to be  done . 
Fertility Capability Classification 
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In order to transfer agricultural technology to other areas of 
similar soils and environmental conditions , there is a need for use of 
better systems of describing soil characteristics that affect 
fertility and management . The Fertility Capability Class ification 
(FCC ) is such a classification system and is perhaps the best 
available ( Cope , 1 984 ) . Thi s  system describes factors that affect 
soil fertility such a� surface texture ,  subsoil texture , moisture 
regimes , cation exchange capacity (CEC ) , P-fixation capacity , 
Al-saturation , K-reserves , and others that may be used to extend the 
values of soil classification ( Sanchez et al . ,  1 982) . 
The FCC system was developed as an attempt to bring the 
subdi sciplines of soil taxonomy and soil fertility together so reports 
could be made more useful to users of the soil ( Buol et al . ,  1 97 5 ) . 
The· FCC system is a technical classification system that groups soils 
according to their fertility constraints ( Sanchez et al . ,  1 982 ) . The 
FCC system has been tested using data sets from all over the world . 
Results from these studies show that : 1 )  soils in a single FCC unit 
may belong to different oiders , suborders , great groups , . subgroups , or 
families in Soil Taxonomy ;  2 )  the number o f  FCC units i n  a given area 
is less than Soil Taxonomy units ; and 3 )  .making fertilizer 
recommendations from FCC units was more cost effective than making 
generalized recommendations ( Sanchez et al . ,  1982 ) . 
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Mapping units from soil surveys can be converted into FCC 
units rather easil y ,  especially from detailed soil maps , providing 
enough information about the .soils is  available ( Sanchez et al . ,  
1 982 ) . Consequently , this classification system can be  utilized and 
further tested throughout the world . The theory of agrotechnology 
transfer could and should be tested using the FCC system which could 
improve results . 
STUDY AREA 
Location 
Major Land Resource Area (MLRA) 102A is found in the 
northeastern part of South Dakota ( Fig . l )  and also in western 
Minnesota . MLRA 1 02A is the Rolling Till Prairie portion of the 
Central Feed Grains and Livestock Region . It  encompasses an area of 
appr oxima tely 725 , 500 km2 ( USDA-SCS , 1981 ) . Counties in MLRA 1 02A 
involved in this study include : Brookings , Codington , Day , Deuel , 
Grant , Hamlin , Marshall ,  Moody ,  and Roberts , all in South Dakota . 
Cli.JDate 
All of the study area lies in the Cool Moist Prairie Region of 
South Dakota . This region has what is termed a "continental climate" 
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having extremes in summer heat and winter cold with rapid temperature 
fluctuations ( Westin and Malo , 1 978) . The mean annual temperature 
ranges between six and nine degrees Celsius . The average freeze-free 
period ranges from 1 20 to 1 40 days . The mean annual precipitation 
ranges · from 50 to 60 em (USDA-SCS , 1981 ) .  Most of the precipitation 
falls in the spring and early summer . Approximately 75% of the total 
annual precipitation falls during the growing season . Summer 
precipitation falls in short hard showers whereas spring , fall , and 
winter falls mostly as frontal precipitation . Precipitation in winter 
is primarily snow with snowfall averaging between 76 and 1 27 em per 
year (Westin and Malo , 1978 ) . 
Geology 
All of eastern South Dakota ( including the study area ) has 
been glaciated . There were four ice sheets that covered eastern South 
Dakota with the Nebraskan being the first followed by the Kansan , 
Illinoin , and Wisconsin . The Wisconsin ice sheet had four separate 
advances all of which are found in the study area . The advances were , 
from the oldest to the youngest , the Iowan , Tazewell ,  Cary , and 
Mankato ( Flint , 1955 ) . The till deposits ( glacial drift ) of these 
advances are the parent materials for many soils found in this region . 
There are three basic types of glacial drift : till , outwash , and 
glacial lake deposits . Till is the most abundant and consists of 
unsorted and unstrati fied materials of varying sizes . Outwash has 
beds of stratified sand , silt , and gravel that have been rewashed from 
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the glacial drift and deposited b y  melt water streams that flowed from 
stagnant ice sheets .  Glacial lake deposits are the least abundant of 
the glacial materials found in this region . These deposits consist of 
stratified sand , sil t , and clay deposited by streams flowing into 
glacial dams and ice-walled lakes (Flint and Skinner , 1 977 ; Eyles , 
1983 ) . 
Other parent materials found and studied in the study area 
include : loess , alluvium , and eolian sand . Several soils studied 
formed in loess that overlies glacial drift . Loess consists primarily 
of silt sized particles but may contain clay and very fine sand . The 
source of the wind deposited loess is mainly stream floodplains and 
outwash plains . Alluvium is made up of sand , silt , and clay that has 
been eroded from upland surficial deposits and deposited by streams . 
Alluvium .is found primarily on nearly Level bottomlands of rivers and 
their tributaries . Eolian sand is also a wind deposited material that 
consists primarily of fine and very fine sand . These deposits are 
generally found on uplands immediately adjacent to bottomlands (Malo , 
. 1 987) . 
Most of the study area is found on the Coteau des Prairies 
( Prairie Coteau ) . The Prairie Coteau is an erosional remnant which 
stands as a highland plateau between the Minnesota-Red River Lowland 
to the east and the James River Lowland to the west (Fig . 2 ) . The 
Prairie Coteau is irregularly covered with glacial drift of Wisconsin 
age that varies in thickness from less than two meters to drift 
several hundred meters thick (Flint , 1955) . 
F i g . 2 .  Phy s i o gr ap h i c  r e g i on s  o f  S ou t h  D ak o t a  
· ( fr om Vle s t in and Ma l o ,� 19 7 8 ) . 
1 .  Minnesota River- - 7 .  Missouri River Trench 
Red River Lowland 8 .  Northern Plateaus 
2 .  Prai rie Coteau 9 .  Pierre Hi l ls 
3 .  James River Lowland 1 0 . Black Hi lls 
4 .  Lake Dakota Plain 11 . Newton Hi l ls 
s .  James River Highland l l a .  Southern Plateaus 
6 .  Miss ouri Coteau 1 2 .  Sand Hills 
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Soils 
Most of the soils in the study area are Udic Haploborolls and 
all of the study area is in the Cool Moist Prairie (Udic Boroll ) major 
soil region of South Dakota (Westin and Malo , 1 978) . The twenty-five 
soils studied and their classification can be found in Table 1 .  Most 
of these soils are deep and fall in the fine-loamy or fine-silty 
textural family . These soil s  have a frigid temperature regime and 
most have a mixed minerology ( Westin and Malo , 1 978) . The cool moist 
climate in this region favors the accumulation of organic matter and 
the development of a relatively thick mollie epipedon . Typically , the 
upland soils in this reg.ion �re well-drained or moderately 
wel l-drained and have well  developed horizons . The soils in this 
region generally have carbonate and sal� accumulations at deeper 
depths than soils in the surrounding regions to the west . A t ypical , 
well-drained cultivated soil in this region usually will have these 
horizons : Ap , AB , Bw , Bk , and C ( Westin and Malo , 1 978 ) . 
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Table 1 .  Soil series studied and their associated classi fication 






























Fine-loamy , mixed Pachic Udic Haploboroll 
Fine-loamy , mixed Udic Haploboroll 
Fine-silty , mixed Pachic Udic Haploboroll  
Fine-loamy , mixed Udorthentic Haploboroll  
Fine-loamy over sandy or sandy skeletal , 
frigid Aerie Calciaquoll 
Fine , montmorillonitic , frigid Cumulic Haplaquol l  
Coar se-loamy , mixed Udic Haploboroll 
Fine-si lty over sandy or sandy skeletal ,  mixed 
Pachic Udic Haploboroll 
Fine-loamy over sandy or sandy skel etal , mixed 
Pachic Udi c  Haploboroll 
Fine-loamy , mixed Udic Argiboroll 
Sandy , mixed , frigid Typic Haplaquoll  
Sandy ,  mixed Udic Haploboroll · 
Coarse-l oamy , mixed Udic Haploboroll 
Fine-silty , mixed Udic Haploboroll 
Fine-silty , mixed Cumulic Udic Haploboroll  
Fine-silty , mixed ( calcareous ) , frigid Cumulic 
Haplaq uol l  
Sandy , mixed Udorthentic Haploboroll 
Fine , montmorillonitic Udic Argiboroll 
Fine-silty , mixed Udic Haploboroll 
Fine , montmorillonitic Pachic Udic Haploboroll 
Coarse-loamy , mixed ( calcareous ) , frigid Typic 
Udorthent 
Fine , montmorillonitic , frigid Argiaquic 
Arg ial boll 
Fine-loamy , frigid Typic Calciaquoll 
Fine-loamy , mixed Udic Haploboroll 
Fine-silty , mixed Pachic Udic Haploboroll  
*-Soil Survey Staf f , 1975 . 
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MATERIALS AND METHODS 
Twenty-five major benchmark soils in MLRA 102A were chosen for 
this study . The se soils were chosen because they represented a wide 
variety of parent materials ,  textures , and nutrient levels (Table 2) . 
Over 74% of the published mapped unit area ( 0 . 93 million hectares ) in 
MLRA 102A contains at least one of the 25 soil series studied . 
Approximately 0 . 89 million hectares are left to be mapped and 
published ln MLRA 102A . Many hectares of the studied soil series are 
present in this remaining area to be mapped . Counties in MLRA 1 02A 
involved in this study include : Brookings ,  Codington , Day , Deuel , 
Grant , Hamlin , Marshall ,  Moody , and Roberts ( Fig . 1 ) . 
FIELD METHODS 
Characterizing the fertility status and the classification and 
genesis of soils over such an extensive area required field techniques 
that were relatively inexpensive and not time consuming yet adequate 
to accomplish the objectives . The following field methods were used 
in this study to meet these demands . 
Site Selection 
Sample sites were located and selected with the assistance of 
the USDA Soil Conservation Service and represented the type location 
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Table 2 .  Soil series studied and their associated parent material 




























Tazewel l  Til l  
I owan Till 
I owan Till 






Tazewell Till  
Eolian Sand 
Eolian Sand 







Cary Ti ll  
Mankato Till 
Tazewell Till 
Mankato Till  
I owan Till 




silt  l oam 
l oam 
l oam 
silty  clay 
sandy loam 








silty c lay loam 
sandy loam 
c lay -l oam 
silt loam 





silty c l ay loam 
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for the series studied i n  that particular county o r  geographical area . 
Additional sites were described and sampled as needed . This  project 
was conducted in cooperation with the soil chloride fertility project 
at South Dakota State University . Four to six different · geographic 
locations ( counties/townships ) were sampled for each series studied . 
Site details ( slope , aspect , vegetation , etc . ) were recorded on a 
profile description sheet . Site locations were recorded for future 
research and reference needs . A detailed description of each sample 
site was prepared ( Cooley et al . ,  1988 ) . 
Soil Sampling 
Soil samples were collected using a spade , bucket auger , or 
whenever ,possible , a hydraulic soil prQbe (Cline , 1944 ) . At each 
sample site , the profile was morphologically compared to the profile 
described in the modern detailed soil survey for the area . Once a 
profile was correlated to that described in the soil survey then the 
profi le was morphologically sampled ( by horizons ) to a depth of 1 50 
em. Deviations from the profile described in the soil survey were 
recorded on a profile description sheet . Approximately 4 to 6 kg of 
soil was collected from each horizon at each sample site and placed 
into plastic bags . Samples were then brought back to the lab and 
spread out to air dry ( Eik et al . ,  1980) . 
\ 
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Sample Handling 
Upon completion of drying , each sample was ground using either 
a mechanical grinder or a metal rolling pin . After grinding , each 
sample was si·eved through a 2 mm diameter opening sieve ( Eik et al . , 
1 980) . The fine earth fraction of each sample ( <  2 mm diameter ) was 
then placed in labeled plastic buckets and the remainder of the bulk 
sample was placed back into plastic bags and stored for future use . 
LABORATORY METHODS 
·rn order to quantify �he classification , genesis ,  and the 
nutrient status of these soils the following laboratory methods were 
used . 
Nutrient Determinations 
All nutrient levels except sulfate-sulfur ( S04-S ) were 
determined by the SDSU Soil Testing Lab . All soil tests were run 
using the procedures outlined in the Soil . Testing Procedures in use at 
the South Dakota State Soil Testing Laboratory ( Gelderman et al . ,  
1987 ) . Available phosphorus was determined by an adaptation of  the 
Bray and Kurtz No . 1 method ( Bray and Kurtz , 1945 ; Kitchen , 1 948 ; 
Jackson , 1958 ; Laverty , 1 963 ; and Knudsen , 1980) . B�carb-P was 
.J determined using the Olsen NaHC03 test for phosphorus ( Knudson , 1980) . 
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Available potassium was determined by displacing the available K from 
exchange sites with 1M ammonium acetate ( NH40Ac ) . The concentration 
of available K was then determined by flame emission on the atomic 
· absorption spectrophotometer (Carson , 1 980a) . Nitrate-ni trogen 
. ( N03-N) was determined using a nitrate electrode (Dahnke , 1 972 ; 
Carson , 1 980b ) . Sulfate-sulfur was determined turbidometrically on a 
calcium phosphate extract ( Fox et al . , 1 964 ; Hoeft et al . ,  1 9 73 ;  and 
Liege! et al . , 1980 ) . Nutrient results are shown in Appendix Table A .  
Readily Oxidizable Organic Matter 
Organic matter content wa·s determined on 1 g subsamples of air 
dried soil using a modified Walkley-Black method ( Carson and 
Gelderman , 1980 ; Jackson , 1 958 ; Walkley and Black , 1 934 ) . Ten ml of 
-
sample . Samples were shaken 5-10 minutes then allowed to stand 
overnight . Twenty-five ml of deionized water was then added and 
samples were shaken for another 5 minutes . Solutions were then 
filtered and poured into cuvets . Percent transmittance was r ead and 
recorded using a spectophotometer . Organic matter content was then 
determined using a standard curve . Results of readily oxidizable 
organic matter tests are shown in Appendix Table B .  
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Particle Size Analysis 
Particle size distribution was determined using the pipette 
· , 1 ·� · method (Tanner and Jackson , 1 947 ; USDA-SCS , 1982 ) . A 10  to 1 5  g 
),\ 
subsample was treated with 50 ml of 30% hydrogen peroxide to destroy 
organic matter . Calcareous soils were treated with sodium acetate ( 1N 
NaOAc , pH=S ) for carbonate dissolution . Twenty-five ml o f  dispersing 
solution and 500 ml of deionized water were added to each sample then 
samples were shaken for 8-10 hours . Samples were then diluted to 1000 
ml with deionized water and placed in a water bath to reach an 
equilibrium temperature .  Once equilibrium was reached , each sample was 
hand shaken fo� two minutes then placed back into the water bath . 
Each time and temperature were recorded and the clay fraction was 
pipetted at the designated time based on a sedimentation chart . 
Samples were then washed through a #270 ( 0 . 053 mm) sieve to recover 
the sand fraction . Silt fractions were determined by subtracting the 
% sand plus % clay from 100% . Sand samples were sieved to · determine 
; i the distribution of each sand fraction . Particle size distribution t 
� ? results are shown in Appendix Table C .  
Cation Exchange Capacity and Extractable Cations 
The cation exchange capacity ( CEC )  and extractable cations were 
determined on 10 g subsamples of air dry soil (USDA-SCS , 1982). Fifny 
ml of 1� ammonium acetate C NH40Ac , pH=7 ) was added to each sample . 
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Samples were shaken for 1 hour then allowed t o  sit for approximately 8 
hours . Samples were transferred to Buchner funnels equipped with 
filter paper then washed three times with 1M NH40Ac . Leachates were 
transferred to 250 ml volumetric flasks and brought to volume with 1M 
NH40Ac for extractable cation determinations . Samples were then 
leached with three washings of ethanol and transferred to Kjeldahl 
flasks for distillation . After distillation , the ammonia-boric acid 
solution was titrated with standardized HCi and CEC was then 
calculated . Extractable cations were determined on the ammonium 
acetate leachate . Calcium and magnesium concentrations were 
determined using an atomic absorption unit and potassium and sodium 
using a flame photometer . Cation exchange capacity and extractable 
cation results are shown in Appendix Table D .  
SAR, EC, and Saturated pH 
The sodium a4sorption ratio ( SAR ) , electrical conductivity 
( EC ) , and soil reaction ( pH )  were all determined on a 1 00 g subsample 
of air dry soil (USDA-SCS ,  1 982 ) . A saturated paste was prepared and 
samples were allowed to sit  for approximately 1 2  hours to allow the 
soil/solution to come into equilibrium . Saturated pH was then 
measured using a pH meter with a glass electrode . Saturated pastes 
were transferred to 1 1  em diameter plas�ic funnels with a wetted 
filter paper in place . Each sample was then placed on a Buchner 
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funnel-vacuum apparatus and the saturation extract was then drawn out 
and saved for EC and SAR determinations . Electrical conductivity was 
measured using a conductivity meter . Calcium and magnesium 
· determinations were conducted on the diluted extract solution using an 
atomic adsorption unit . Sodium and potassium concentrations were 
determined on the filtered ( undiluted) saturation extract using a 
flame photometer . Results of SAR , EC , and saturated pH are shown in 
Appendix Table B .  
Calcium Carbonate Equivalent 
Percent calcium carbonate ( CaC03 ) levels were determined on 
only those samples with a pH greater than· 6 . 7  ( Bundy and Bremnar , 
1972) . Approximately 0 . 5 to 1 . 5  g of soil ( depending on degree of 
effervescence ) was added to a French square bottle . Five ml of 2M 
potassium hydroxide ( KOH) was added to a vial attached to a 
preassembled stopper with glass tubing . The French square bottle was 
then immediately stoppered with this apparatus . Twenty cc of 2M 
hydrochloric acid (HCl ) were then injected into the soil sample in 
each French bottle using a hypodermic needle and syringe . Upon 
completion of the reaction , the KOH solution was transferred to a 1 25 
ml Erlenmeyer flask and brought to a 50 ml volume using deionized 
water . Approximately 10  to 12 drops of phenolphthalein indicator was 
added to each flask then titrated with HCl . Approximately 1 6  to 1 8  
drops o f  bromocresol green indicator was added to each flask then 
titrated with standardized O . lM HCl and the volume of acid used was 
recorded . Calcium carbonate equivalent results are recorded in 
Appendix Table B .  
STATISTICAL METHODS 
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Data gathered during the course of this study was compiled 
then stored on computer software .  Initially , classical statistics 
were used to describe the data . Means , standard deviations , standard 
errors , and coefficients of variation were determined for all physical 
and chemical properties of each series , horizon , and parent material 
( SAS In�titute Inc . , 1 98 2 ) . 
Upon completion of the classical statistical analysi s , 
discriminant analysis was employed to find which nutrient best 
discriminated among c lasses . For this- study , the stepwise 
discriminant analysis procedure was used . This procedure performs a 
stepwise selection of variables that can be useful for discriminating 
among several classes ( SAS Institute Inc . , 1982 ) . 
In addition , analysis of variance procedures were employed to 
determine the variability in soil nutrient levels and to find if 
differences in these levels between series , horizons , and parent 
materials were significant ( SAS Institute Inc . , 1982 ) . 
( 
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RESULTS and DISCUSSION 
This study dealt primarily with determining soil nutrient 
levels and their relationship to soil genesis and classification . 
Consequently , only this portion of the study will  be discussed in any 
great detail .  Other chemical and physical properties determined on 
each sample are only listed in appendix tables and and their 
variability wi ll not be discussed . Results pertaining to the other 
objectives of this study will be only briefly addressed . 
SOIL NTJrRIENT LEVELS and SOIL GENESIS 
Soil Series 
Tables 3a and 3b show profile N ,  P ,  K ,  and S means and 
standard deviations for each series studied . Nutrient levels  wi thin 
each series were highly variable due to the high spatial variability 
common in glaciated s9ils ( Mausbach et al . , 1980) and to limi ted 
degrees of freedom . However , variability of K was less than for N ,  P ,  
and S .  This i s  due , in part , t o  an overall greater quantity of 
available K ( > 1 00 mg kg-1 ) as compared to N ,  P,  and S ( < 1 0  mg kg- 1 ) .  
Sulfur was the most  variable nutrient studied possibly due to higher 
analyt ical error and differences in decomposition/mineralization 
rates . The data in Tables 3a and 3b also indicate relationships 
between the nutrient status and the genesis of these soils . Soils 
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Table 3a . Series profi le means for N ,  P ,  K ,  and s 1 . 
Series N03-N Bray P Bicarb p K s 
Egeland 2 . 8  6 . 8  4 . 1 98 . 8  2 . 4  
Madd·ock 1 . 8 6 . 3  3 . 4  86 . 5  1 . 7  
Estelline 7 . 2  9 . 4  5 . 5  1 05 . 7  2 . 9  
Poinsett 3 . 5  3 . 0  2 . 5  1 39 . 1  3 . 2  
Ladelle 5 . 1 4 . 0  3 . 2  1 68 . 4  1 3 . 7  
Heimdal 3 . 5  5 . 4  3 . 5  1 1 7 . 7  4 . 9  
Sisseton 4 . 1 1 . 1  1 . 7  1 25 . 3  5 . 2  
Tonka 5 . 1  41 . 2  26 . 9  333 . 9  2 . 2  
Dovray 3 . 1 6 . 2  4 . 8  282 . 3  37 . 9  
Peever 1 0 . 1 5 . 0  4 .. 0 237 . 3  26 . 3  
Forman 3 . 3  2 . 7  2 . 5  147 . 0  4 . 8  
Aastad 4 . 0  3 . 0  2 . 6  1 10 . 4  3 . 0  
Va1lers 2 . 6  1 . 0 2 . 7  1 3 1 . 7  38 . 7  
Buse 7 . 2  2 . 1 2 . 0  1 89 . 0  3 . 2 
Brookings 3 . 5  3 . 9  2 . 6  1 25 . 0  2 . 2  
Barnes 4 . 5  1 . 5 1 . 8 1 25 . 9  2 . 9  
Vienna 4 . 1 4 . 3  3 . 4  1 43 . 9  5 . 0  
Fordville 3 . 5  4 . 7  2 . 8  86 . 5  1 . 9 
Divide 8 . 4  1 � 4 2 . 0  1 06 . 7  2 . 0  
Kranzburg 7 . 9  6 .·3 4 . 0  1 47 � 3 5 � 4  
Lamoure 4 . 1 3 . 6  4·. 0  1 68 . 4  1 5 . 6  
Sinai 6 . 1 2 . 8  2 . 5  243 . 3  1 0 . 9 
Hamar � . 5  1 5 . 0  8 . 4  1 20 . 0  1 5 . 5  
Hecla 4 . 4  1 4 . 6  7 . 6  1 20 . 8  1 . 1  
Waubay 4 . 7  2 . 9  2 . 3  1 79 . 1 5 . 5  
1 - means in mg kg-1 • 
48 
Table 3b . Series profil e  standard deviations for N ,  P ,  I ,  and s 1 . 
Series . N03-N Bray P Bicarb p K s 
Egeland 1 . 7  9 . 6  4 . 7 7 2 . 5  3 . 4  
Maddock 1 . 1  3 . 9 1 . 8 48 . 8  1 . 7 
Estel line 6 . 6  23 . 2  10 . 7  51 . 2  1 . 7 
Poinsett 3 . 0  3 . 6  2 . 3  3 1 . 8 . 3 . 2  
Ladelle  6 . 9  4 . 9  2 . 5  59 . 3  1 9 . 4  
Heimdal 3 . 1 1 0 . 7  6 . 8  37 . 3  1 5 . 3  
Sisseton 9 . 4  1 . 3 2 . 6  65 . 5  8 . 0  
Tonka 6 . 6  26 . 3  1 7 . 6  1 58 . 6  3 . 4  
Dovray 1 . 3 7 . 2 5 . 0  1 5 1 . 3  38 . 8  
Peever 1 1 . 0  8 . 7  5 . 6  1 2 1 . 7  36 . 5  
Forman 3 . 4  5 . 8  3 . 4  62 . 8  4 . 9  
Aastad 4 . 3  4 . 9 2 . 7  46 . 4  5 . 6  
Vallers 2 . 6  1 . 8 1 . 8  33 . 2  44 . 7  
Buse 1 6 . 2 3 . 3  2 . 6  329 . 2  1 . 9 
Brookings 2 . 7  5 . 4  3 . 4  33 . 2  1 . 9 
Barnes 7 . 3  1 . 6 1 . 3  95 . 2  4 . 0  
Vienna 3 . 9  5 . 7  3 . 6  66 . 3  5 . 9  
Fordvi l le 4 . 1 . 4 . 2 1 . 8 6 1 . 8  1 .  9 .  
Divide 1 3 . 5 1 . 9 1 . 4 66 •. 0 2 . 4  
Kranzburg 8 . 5  1 1 � 5  6 . 1  74 . 1  1 8 . 1  
Lamoure 2 . 8  7 . 2  4 . 9  88 . 7  1 2 . 2  
Sinai 6 . 0  2 . 6  2 . 0  1 58 . 6  2 1 . 9  
Hamar 2 . 7  24 . 7  1 3 . 3  84 . 0  28 . 3  
Hecla 3 . 9  1 5 . 6  -B .  2 101 . 2  1 . 0 
Waubay 5 . 1 4 . 8  3 . 0  1 00 . 6  1 7 . 5  
1 - standard deviations in mg kg-1 • 
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having undergone minimal soil formation ( Buse , Sisseton ) have the most 
nutrient variability whereas more weathered soils (Maddock , Tonka) 
generally have a more even nutrient distribution throughout the 
profile . 
Tonka was the most fertile soil , especially in phosphorus . 
Considerable water movement occurred in this soil during genesis 
resulting in increased weathering of minerals . In addition , this is a 
depressional soil and receives soil particles and additional nutrients 
from the peripheral watershed area . Nutrients are lost primarily 
through crop removal since leaching is hindered by an argillic horizon 
which restricts water movement . Clayey textured soils ( Peever , Sinai ) 
and alluvial soils ( Lamoure , Dovray ) are the next most fertile soils 
due to their ability to "hold" nutrients and recent soil depositi.on , 
respectively .  The high clay content restricts water movement and 
reduces leaching losses of nitrates and sulfates . The recent sediment 
deposition of alluvial soils also causes greater soil nutrient 
variability . 
Since major differences could exist between topsoil , subsoil , 
and parent material nutrient levels , individual and groups of horizons 
were separated and analyzed . This would , in theory , give a more 
accurate assessment of the variability within soil series . Each 
series was separated into Ap , A ,  B/2B , and C/2C horizons . 
Within series coefficients of variability ( CVs ) were reduced 
substantially by comparing them by horizons (Table 4) . However , 
within series variability was still quite high due to the spatial 
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Table 4 .  Horizon coefficient s  of variability f o r  N ,  P ,  K ,  and S 
in selected soil series . 
Series Horizon H03-H Bray P Bicarb p s 
Maddock Ap 3 3 . 31 39 . 7  33 . 3  70 . 3  78 . 1  
n B 39 . 1  6 1 . 2  38 . 0  26 . 4  7 5 . 7  
n c 56 . 6  64 . 3  51 . 5  55 . 9  1 4 2 . 4  
Ladel le Ap 1 03 . 5  5 1 . 0  38 . 7  25 . 5 . 9 1 . 9  
n A 54 . 7  82 . 8  76 . 6  30 . 2  8 1 . 7  
n B 43 . 3  43 . 3  50 . 0  24 . 3  57 . 3  
n c 1 3 7 . 6  1 1 3 . 3  26 . 5  3 2 . 3  80 . 9  
Fordvi lle Ap 8 2 . 3  64 . 9  46 . 6  28 . 4  1 08 . 3  
n A 64 . 3  60 . 6  47 . 1  2 1 . 4  00 . 0  " B 47 . 5  46 . 0  1 6 . 9  74 . 5  9 1 . 7  " 2C 3 1 . 8  54 . 1  64 . 3  1 9 . 7  1 04 . 4  
Vienna Ap 6 1 . 4  23 . 6  43 . 2  51 . 0  80 . 1  " A 45 . 8  80 . 0  25 . 0  44 . 2  00 . 0  " B 5 1 . 3  47 . 1  20 . 3  29 . • 9 44 . 3  
n 2B " 3 1 . 4  1 69 . 7  3 1 . 8  35 . 0  6 7 . 9  " 2C 62 . 5  1 00 . 0  100 . 0  5 . 0  1 09 . 1 
Sinai Ap 74 . 9  39 . 0  37 . 8  56 . 9  58 . 2  " B 1 0 1 . 3  97 . 1  7 1 . 2  48 . 6  1 43 . 3  
n c 88 . 1  35 . 0  64 . 5  36 . 2  1 49 . 7 
Buse A 1 64 . 0  1 08 . 6 85 . 4  1 4 1 . 9  3 1 . 0  
n B 1 1 4 . 6 98 . 8  75 . 3  59 . 6  74 . 1  
n c 3 7 . 2 60 . 4  105 . 0  1 8 . 9  65 . 3  
Peever Ap 95 . 3  66 . 8  67 . 9  42 . 5  1 4 1 . 4  
n B 1 05 . 8  1 53 . 5  1 1 8 . 9  2 2 . 9  1 49 . 5  
n c 1 2 6 . 5  66 . 7  86 . 1  35 . 6  5 7 . 0  
1 Coefficients of var iation in % . 
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variability naturally present in  these young glacial drift soils . 
Again , variability in K was the least and variability in S was the 
greatest for most horizons within series . Generalizing the 
variability of horizons , C/2C horizons appear to be the most variable 
in N ,  P ,  and S which could be partially due to low means . 
Coefficients of variation for Ap/A and B horizons were somewhat 
similar , but less than C horizons which agrees with result s  found by 
Mausbach et al . ,  ( 1980) . The inverse of this appears to be true in 
the case of K where variabi lity ( CVs ) seems to be the greatest in the 
surface hori zons . Variability in K decreases moving down the profile 
until  the parent material (C horizon) is reached where in several 
series it increases slightly (Table 4) . This increased variability in 
surface horizons is  likely due to di fferences in management activities 
between sites . One would think that differences in management 
practices would also cause the other nutrient s to be more variable in 
the surface . 
Figures 3-7 show horizon means and standard deviations of the 
nutrients studied for - selected soil series . These series were 
selected because they best exemplify overall trends of the other 
series in each of the seven parent materials .  By separating horizons , 
one can see general profile nutrient trends for the selected series . 
For the most part , nutrient levels were the highest in Ap horizons , 
dr opped dramatically in the A and B horizons , and then gradual ly 
decreased to a level characteristic of the parent material ( C  
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when moving from B t o  C horizons . This i s  probably due to leaching of 
nitrates and sulfates from upper soil horizons down lower in the 
profile especially in coarser textured soils . 
Large differences occur between series and horizons ( Figures 
3-7 ) . Analysis of variance results (Tables S-10)  indicate that many 
of these differences are significant (P < . OS ) . For the most  part , 
differences in Ap hori zon nutrient levels were not significant . In 
order to show these differences to be significant , a greater number of 
observations is  needed (approximately 2S for each horizon in each 
series using procedures developed by Mausbach et al . ,  1 980) . 
The Tonka soil (Tables S-10)  was generally significantly 
different (P  < . OS )  from most of the other soils in P and K levels in 
all horizons except the Ap . Differences in N and S levels wer e ,  for 
the most part , not significant ( P  > . OS )  for most of the soi l s  
studied . Heavier textured soils ( Dovray , Peever , and Vallers ) were , 
however ,  significantly different (P  < . OS )  in their S levels compared 
to the other coarser textured soils . Several coarser textured soils 
(Maddock , Hamar , and Egeland)  did have significantly different (P < 
. OS )  P +evels when compared to other soils . Differences in horizon 
nutrient levels of soils with 2B and 2C horizons (Tables 9 and 1 0 )  
were , generally , not significantly different (P  > .05). 
One of the primary objectives of this study was to determine 
subsoil nutrient levels in major/benchmark soils in MLRA 102A and 
construc t a table indicating these levels . Table 1 1  shows the series 
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Table 5 .  Soil series Ap horizon ANOVA results . 
Series N03-N Bray P Bicarb P I S04-S 
Sisseton 
* 
ab abc ab a a 
Peever a abc ab cde a 
Buse ab abc ab ab ab 
Tonka a e d e ab 
Sinai ab a ab de a 
Waubay ab ab ab be de a 
Vienna ab abc ab ab ab 
Ladelle ab a ab ab a 
Fordville ab a ab a a 
Estelline ab bed ac a a 
Iranzburg ab abc ab ab a 
Forman ab ab ab ab ab 
Hamar ab de acd ab b 
Brookings b ab ab a a 
Hecla ab cd ac ab a 
Aastad ab abc ab ab ab 
Heimdal ab abc ab a a 
Div.ide ab a ab ab ab 
Egeland b abc ab a a 
Poinsett ab a ab a a 
Dovray ab abc be e ab 
Maddock b a b a ab 
Lamoure ab abc ab abed ab 
Vallers ab a ab ab c 
* s . . h er1es w1 t a same letter are not significantly different at 
. OS l evel . 
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Tab+e 6 .  Soil series A horizon ANOVA results � 
Series N03-N Bray p Bicarb P so4-s 
Sisseton ab* a a a ab 
Buse be ab a b ab 
Tonka b c b ab ab 
Sinai abc ab a ab ab 
Waubay a a a a a 
Vienna a ab a a ab 
Ladelle a ab a a ab 
Fordvil le ab ab a a ab 
Estelline abc ab a ab ab 
Iranzburg abc ab a ab ab 
Forman abc ab a ab ab 
Hamar a ab a a ab 
Brookings a a a a a 
Hecla a b a a a 
Aastad a a a a a 
Heimdal abc ab a ab ab 
Divide c a a a a 
Egeland abc ab a ·ab ab 
Poinsett abc ab a ab ab 
Dovray a a a ab b 
Maddock abc ab a ab ab 
Lamoure a a a a ab 
Val lers a a a a ab 
Barnes abc a a ab ab 
* s . . h er1es w1t a same letter are not significantly d i fferent at 
. OS level . 
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Table 7 .  Soil series B horizon ANOVA resul t s . 
Series N03-N Bray p Bicarb P I so4-s 
Sisseton * ab abed a c a 
Buse ab ab abc abed a 
Tonka a d d h a 
Sinai ab ab abc efg a 
Waubay a a be bd a 
Vienna ab abc abc abdef a 
Ladelle a abc abc abcdef a 
Fordville a abc abc abed a 
Estelline be be a abc a 
Kranzburg ab abc abc abd a 
Forman a ab abc bd a 
Brookings ab ab abc abed a 
Aastad a a a a a 
Heimdal a ab abc abed a 
Divide ab ab abc abed a 
Egeland a c a ac a 
Poinsett a ab abc abd a 
Dovray · a abc abc efg c 
Maddock a abc abc c a 
Lamo�re . ab ab abc abdef ab 
Val lers a ab abc abed c 
Barnes a ab abc abed a 
Peever c ab abc efg b 
* s . . h er1es w1 t a same letter are not signi ficant ly di fferent at 
. 05 level . 
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Table 8 .  Soil series c horizon ANOVA results . 
Series N03-N Bray p Bicarb P K so4-s 
Sisset�n . * abcde abc a a a 
Peever c a abc hi e 
Buse a a a abc de ab 
Tonka a f f j abc 
Sinai be a ab ghi b e d  
Waubay ab a ab cdefg abc 
Ladelle ab a ab efg cd 
Fordvi lle a abc de abc de abc de abed 
Forman a a a abc d e  abc 
Hamar a de cd abc de abc 
Hecla a cde bed ab a 
Aastad a a ab abed abc 
Heimdal a a a abed abc 
Divide a abc abc abc de£ abed 
Egeland ab a abc a abc 
Poinsett ab a a bcdef abc 
Dovray ab be de e i e 
Maddock a e de abd a 
Lamoure ab ab abc fghi abed 
Vallers a a ab defg de 
Barnes a a ab abc de ab 
* Series
.
with a same letter are not significantly different at 
. 05 level . 
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Table 9 .  Soil series 2B horizon ANOVA results . 
Series N03-N . Bray P Bicarb P I so4-s 
Iranzburg b* a a a a 
Vienna a a a a a 
Brookings a a a a a 
Table 10.  Soil series 2C horizon ANOVA resul t s . 
Series N03-N Bray P Bicarb P I so4-s 
Kranzbur g  b* a a a a 
Estelline a ab a b a 
Poinsett ab ab a a a 
Brookings a a a a a 
Egeland a a a a a 
Vienna a a a . a a 
Divide a a a ' b  a 
Tonka a c b c a 
Fordvi lle a b a b a 
* Series wi th a same letter are signi ficant at the . 05 not 
leve l . 
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studied along wi th their subsoil nutrient categories . The categories 
selected were as follows : 
Category 
(L) ow 
( M) edium 
( H) igh 
--------Nutrient (mg kg-l )---------
N03-N P K so4-s 
<4 
4-1 0  
> I O  
< 5  
5-1 5 





2-1 0  
> 1 0 . 
These categories were developed for this region and the state 
by the SDSU Plant Science Department personnel ( Fixen · and Gelderman , 
personal communication ;
. 
1 988 ) . Each series was placed into one of 
these categories based on B horizon means . It  should be noted that 
these series may not fall into their respective categories ( especially 
for N)  at all times due to  changes in climatic condit1ons (wet versus 
dry years)  and the spatial variability of soils . Generally , subsoil N 
and P levels are low and K and S levels are medium to high in the 
studied soil series (Table 1 1 ) . 
Parent Materials 
Results of the parent material analysis were similar in many 
aspects to the results of the soil series . Figures 8-1 2 represent the 
parent material nutrient means and standard deviations . It should be 
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Table 1 1 .  Soil series subsoil nutrient categories 1 • 2 • 
Series N p I s 
Aastad L L M L 
Barnes L L L M 
Brookings M L M M 
Buse M L M M 
Divide M L M M 
Dovray L L H . H 
Egeland L M L M 
Estelline M L L M 
Fordvil le L L M M 
Forman L L M M 
Hamar L M M H 
Hecla M M M L 
Heimdal L L M M 
Kranzburg M L M L 
Ladelle L L M M 
Lamoure M L M H 
Maddock L L L M 
Peever M L M H 
Poinsett L L M M 
Sinai M L M M 
Si ss eton L L ·  M M 
Tonka M H H . M 
Val lers L L M H 
Vienna M - L . M - M 
Waubay . . M L M L 
1 Category N p K s 
( L ) ow <4 (5 < 1 00 <2 
(M) edium 4-10 5-1 5  100-200 2- 1 0  
( H ) igh >IO > 1 5  >200 > I O  
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noted that these means are derived �rom entire soil profiles developed 
from these parent materials . Differences between parent materials 
were not as dramatic as those between soil  series due to averaging 
over several soil series within each parent material and soil 
horizons . However , general trends can be seen from this data , and one 
can see how the factors of soil formation can cause differences even 
within a parent material and also the heterogeneity of glaciated 
soils . 
Alluvial soils generally had the highest K and S nutrient 
levels of the parent material studied (Figures 8-1 2 ) . Thi s  is 
probably due to recent sediment additions ( high in organic matter and 
nutrients ) and possibly due to a higher use of fertilizers since these 
soils are usual ly h�avily cropped . The reason P levels are lower in 
these soils in not clear but could be , due in part , to these soils 
periodically receiving sediment deposits . Phosphorus bearing minerals 
are not weathered to as great of an extent as in more "stable" soil s  
and consequently , P levels are lower . In addition , these sediments 
are usually calcareous which could tie up additional available P .  
Eolian sand tended to have the lowest fertility levels except 
for P. This parent material is more permeable than the others and 
more leached causing nitrate and sulfate levels to be low .  The more 
weathered parent materials ( eg .  Eolian sand ) tend to have higher P 
levels ( Figures 9 and 10)  which is contradictory to previous results 
( Godfrey and Riecken , 1 954) . The reason for high P levels in  this 
parent material is not clearly understood but could be a resul t of 
lower fixation of past fertilizer/manure additions when compared to 
the other  parent materials studied , the mineralogy of the sand 
fraction , or the increased weathering of P bearing minerals .  
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One would expect that the Iowan till would be higher in P 
since it is the oldest till sheet . The data indicates that the 
Tazewell till ( 2nd oldest)  has the highest P level . This  is  due to 
the high P levels in the Tonka soil which does not truely represent 
the parent material since it is a depositional soil . Without the 
Tonka series , the Tazewell till has a lower P content than the Iowan 
till . For the other nutrients ,  the till sheets are approximately 
equal in their levels with the exception of S in the Mankato till . 
Several of the soils studied · in the Mankato till were heavier textured 
soils (Peever , Valler s )  which retain negatively charged ions better 
than the coarser textured soils . 
There is a large inherent variability in these glacial derived 
parent materials as evidenced by their standard deviations . I t  is  
difficult to determine from the profile standard deviations which 
parent material is the most variable . Using CVs , it appears alluvium 
is the least variable of the parent materials studied when all 
nutrients are considered and the Tazewell till the most variable 
(Table 1 2 ) . It is important to note , however , the high spatial 
variability common in all these parent materials and how differences 
in soil formation processes can significantly change nutrient levels . 
Separating and analyzing horizons within parent materials 
reduced CVs substantially , but again variability remained high (Table 
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Table 1 2 1 Parent material coefficients of variability for N ,  P ,  :l ,  and S • 
Parent NO i-N Bray-P Bicarb-P :l so i-s 
aaterial ( ) ( % )  ( % )  ( % )  ( ) 
Eolian 92 . 0  1 43 . 3  1 4 1 . 8  75 . 0  282 . 8  
Alluviua 104 ._8 1 42 . 4  1 07'. 8  5 7 . 7  1 23 . 4 
Outwash 1 47 . 7  2 21 . 3  1 6 1 . 3  64 . 3  1 07 . 6  
Iowan Till  1 22 . 9  1 78 . 7  1 3 6 . 6 50 . 0  264 . 4 
Cary Til l  1 04 . 2  1 33 . 6  1 0 1 . 8  6 1 . 5  2 5 7 . 4  
Tazewell Till 185 . 3  1 74 . 7  1 63 . 1  1 02 . 0  1 29 . 2  
Mankato Til l  1 5 1 . 6  2 2 2 . 7  1 57 . 1  5 7 . 7  1 7 2 . 1 
1 Based on entire profile data . 
7 3  
1 3 ) . Looking at C/ 2C horizons which represent the true parent 
material , overall variability ( excluding S) was lowest for the eolian 
parent material followed by Iowan till which was approximately equal 
to glacial outwa sh .  These parent materials are older and have been 
more weathered and consequently are a little more uniform . It  is 
important to remember however , that all these parent_ materials are 
still highly variable due to the large inherent spatial variability 
common in glaciated areas . 
Coefficients of variability within horizons were significantly 
lower for K than for any other nutrient ( Table 1 3 ) . This again was 
due pr imarily to a larger quantity of available K .  Generally , 
variability in K was the least in the C/2C horizon . This stands to 
reason since it is the least weathered horizon and differences in. 
weathering rates have not affected these horizons to as great of a 
degree as the others . Sulfur was the most variable nutrient followed 
by N for most horizons in each parent material . A higher experimental 
error for S and differences in mineralization and leaching rates for S 
and N could explain the variability beyond the inherent variability . 
Parent material nutrient categories (Table 14)  were determined 
using the same low , medium , and high categories used for soil series . 
These categories were derived for C/2C horizons and represent the true 
parent material . Generally , N and P are low and K and S are medium to 
high in these parent materials . This generalized observation is also 
true for soil associations found in each county of the study area 
(Table 1 4 ) . · 
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Table 1 3 .  Parent material coefficients of variability by 
horizons . 
- Parent Horizon N03-N Bray-P Bicarb-P so4-s 
Eolian Ap 68 . 2 1 89 . 1  94 . 9  73 . 4  23 1 . 4  
A 67 . 0  79 . 2  93 . 9  69 . 7  2 28 . 1 
B 39 . 1  6 1 . 2  38 . 0  2 6 . 4  75 . 7  
c 79 . 3  63 . 3  63 . 1  50 . 5  324 . 9  
Alluvium Ap 96 . 0  75 . 3  64 . 5  60 . 9  1 04 . 8  
A 5 2 . 9  74 . 2  81 . 7  50 . 5  130 . 8  
B 62 . 7  1 1 3 . 2  83 . 3  52 . 6  1 2 1 . 8  
c 1 1 5 . 2  1 74 . 7  1 1 4 . 9  40 . 2  9 2 . 2  
Glacial Ap 80 . 2  1 3 7 . 8  1 1 2 . 8  42 . 0  99 . 6  
Outwash A 1 1 3 . 4  89 . 6  29 . 0  48 . 3 8 2 . 8  
B 1 08 . 0  1 1 9 . 3  77 . 2  59 . 7  1 09 . 3  
c 9 1 . 2  74 . 2  54 . 1  1 6 . 2  105 . 0  
2C 65 . 6  86 . 3  64 . 9  6 1 . 5  96 . 6  
Car·y Till  Ap 73 . 4  54 . 6  53 . 6  62 . 0  100 . 2  
A 68 . 1  7 2 . 3  43 . 4  . 2 7 . 4  8.5 . 0  
B 84 . ·3 1 09 . 8  73 . 9  4 1 . 4  1 6 1 . 5  
c 1 1 0 . 9  6 1 . 2  70 . 7  34 . 2  1 70 . 4  
2C 0 . 0* 0 . 0* 0 . 0* 0 . 0* 999 . 9* 
Iowan Ap 73 . 4  68 . 5  .. 66 . 1  47 . 9  8 2 . 6  
Til l  A 1 23 . 4  93 . 7  65 . 5  6 1 . 2  1 49 . 7  
B 68 . 4  6 1 . 5  44 . 9  30 . 5  94 . 6  
c 65 . 4  1 3 7 . 7  78 . 7  20 . 2  103 . 2  
2B 46 . 2  1 55 . 4  70 . 6  25 . 7  76 . 5  
2C 1 39 . 6  55 . 5  68 . 4  1 9 . 9  228 . 9  
Mankato Ap 1 04 . 1 1 03 . 7  80 . 6  63 . 2  248 . 3  
Ti ll  A 63 . 3  1 20 . 6  52 . 4  20 . 4  246 . 0  
B 1 39 . 4  1 42 . 9  1 03 . 8  38 . 1  1 84 . 5  
c 1 88 . 2  59 . 6  82 . 5  43 . 2  1 24 . 4 
Tazewel l Ap 62 . 2  1 08 . 1 1 08 . 7  6 1 . 4  93 . 2  
A 1 87 . 5  1 77 . 6  1 70 . 5  1 44 . 1  83 . 4  
E 76 . 6  1 4 . 1  22 . 3  43 . 8  1 64 . 1  
B 89 . 8  1 8 1 . 4  1 5 1 . 4  7 1 . 9  95 . 2  
c 45 . 6  1 72 . 9  1 72 . 9  6 2 . 8 " 1 39 . 3  
1 v' Coefficient of variabi lity ( % ) . 
*= only one observation . 
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Table 1 4 .  Parent material C/2C horizon nutrie�t categories 1 • 
Parent N p X: s 
Eolian sand L2 M L M 
Alluviu• · M L M H 
Glacial Outwash M-L L L L 
Iowan Til l  M L M H 
Cary Til l  M-L L M H 
Tazewel l  Til l  L L M M 
Mankato Till  H-L L H H 
1 Category N p s 
( L ) ow <43 (5 < 1 00 <2 
(M) edium 4- 1 0  5-1 5 100-200 2-1 0  
(H) igh > 1 0  ) 1 5 >200 > I O  
2 Categories ; Low ( L )  Medium ( M) High ( H )  
3 ( mg kg-1 ) 
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The estimated subsoil nutrient category for soil associations 
found in MLRA 102A was derived from the average mean nutrient level of · 
all the soil series found in each soil association . Soil associations 
having series not used in this study were estimated by using mean 
nutrient levels of a studied series that was taxonomically similar . 
The same low ,  medium , and high nutrient categories used for soil 
series were used to determine soil association nutrient categories . 
Other counties in MLRA 1 02A that do not have completed soil surveys , 
Kingsbury and Clark , are not included in Table 1 5 ,  but can be easily 
estimated using this information . 
As mentioned previously , differences between parent materials 
were not as dramatic ·as differences between series .  However , these 
differences were significant (P < . OS)  for many horizons within parent 
materials (Figures 13-1 7 ) . Tables 16-19 show analysis of variance 
(ANOVA) · results for all nutrients by norizon within each parent 
material . Significant differences were found in nutrient levels for 
actual parent materials (C horizons) and several of the parent 
materials were consi�tantly significantly (P < . OS )  different from the 
others .  I n  most horizons , except the Ap , the Tazewell till was 
significantly (P < . OS )  different from one of the other parent 
materials for most of the nutrients .  This was likely due to the 
influence the Tonka soil ( high nutrient levels for P and K )  had on 
this parent material . 
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Tab le 1 5 .  Soil associati2n subsoil nutrient r�tings1 for the studied counties • 
County Soil Association N p [ s 
Brookings Poinsett-Waubay 13 1 H M 
n Kranzburg-Brookings-Vienna M L M M 
n Vienna-Lismore L L M M 
n . Forman-Buse L 1 M M 
n Poinsett-Buse L 1 K M 
n Fordvil l e-Estelline 1-M 1 L M 
n Renshaw-Fordvi lle L L M-1 M-1 
n Lamoure M L M H 
Codington Poinsett-Waubay-Oldham 1 L M-H M-H 
n Poinsett-Buse-Parnell 1-M 1-H M-H M 
" Brookings-Kranzburg-Vienna M L M M 
" Forman-Buse-Parnell L-M L-H M-H M 
n Buse-Sioux L L L-M M 
n Estelline-Fordvi l le-Renshaw M-1 1 L M 
n 1amoure-Rauville M 1 M H 
Day Nutl ey-Sinai M L M-H M 
· ft Forman-Buse-Parnel l  L-M L-H M-H M 
n Buse-Barnes L L M M 
" Forman-Cav-our 1 1 M M 
" Kr anzburg-Brookings M 1 K M 
" Poinsett-Forman-Waubay 1-M 1 M M 
" Vienna M 1 K M 
" Divide M-1 L M-L M-L 
" Renshav-For dvi l le L L M-L M-L 
" Renshav-Sioux L L L-M M-L 
Deuel Buse M-L L M M 
" Forman-Aastad-Buse L 1 M M 
" Forman-Aastad-Parnel l  L-M L-H M-H M 
" Forman-Buse L L M M 
" Peever M L M-H H 
" Kranzburg-Brookings-Vienna M 1 H M 
" Vienna-Lismore M-L L M M 
" Lamoure K L H H 
" Renshaw-Fordvi lle L L M-L M-L 
Grant Forman-Aastad-Buse L L M M 
" Peever M L M-H H 
" Forman-Aastad L L M M -../ 
" Heimdal-Svea-Si sseton L L M M 
" Vienna-Li smore M-L L M M 
" Renshaw-Fordvil le-Divide L L M-L M-L 
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Tab le 1 5  ( cont . ) 
County Soi l Association N p s 
Grant Ladelle-Dovray-Playmoor L L M M 
Hamlin Fordvi l le-Estelline L-M L L M 
" Kranzburg-Brooking s-Vienna M L M M 
" Lamoure M L M H 
Hamlin Poinsett-Buse L L M M 
" Poinsett-Waubay L-M L M M 
" Renshaw-Fordville L L M-L M-L 
" Vienna-Li smore M-L L M M 
Marshal l  Maddock-Serden L . L L M 
" Embden-Hec la-Ulen M M M L 
" Kranzburg M L M L 
" Forman-Poinsett L L M M 
" Sinai-Poinsett M-L L M M· 
" Forman-Aastad-Buse L L M M 
" Peever-Forman-Tonka L-M L M-H M-H 
" Renshaw-Fordvi lle-Sioux L L M-L M-L 
n Dovray-Ludd en-Lamour e M-L L H-H H 
Moody Flandreau-Egeland L M L M 
" Renshaw-Fordvi lle L L M-L M-1 
" Kranzburg-Br ookings-Vienna M L M M 
Roberts Heimdal-Svea-Si sseton L L M M 
" Poinsett-Eckman-Heimdal L L M M 
" Peever M L M-H H 
" Forman-Aastad L L M M 
" Peever-Tonka M-L M H M-L 
n Forman-Aastad-Buse L L M M 
n Hamerly-Vallers L L M M 
n Renshaw-Fordville L L M-1 M-1 
n Vienna M - L M M 
n Mar sh-Antler-Hamerly L L M M 
n Towner-Hecla-Hamar M M M M 
n Ladelle-Playmoor-Lamoure M-L L M M-H 
n Dovray-Ludden-Lamoure M-L L M--H H 
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Table 1 5  ( cont . )  
1 Category N p X: s 
( L ) ow <4 <5 < I OO <2  
(M) edium 4-1 0  5- 1 5  1 00-200 2-1 0 
( H) igh > 1 0  > I S  >200 > I O  
2 Based on B horizon means for the series in each association . 
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Tab le 1 6 .  Par ent mat erial A p  horizon ANOVA resul t s .  
Parent N03-N Bray P Bicarb P X so4-s 
Eolian a1 c b ab a 
Alluvi um a _ abc ab ac a 
Outwash a abc ab b a 
Iovan a abc ab ab a 
Tazewell a ac b ac a 
Cary a b a c a 
Mankato a ab ab abc a 
Table 1 7 .  Parent material A horizon ANOVA results . 
Par ent N03-N Bray P Bicarb p X so4-s 
Eolian al ab ab a a 
Alluvium a a a ab a 
Outwash b a a ab a 
Iowan a a a ab a 
Tazewel l  a b  b b ab a 
Cary a a a ab a 
Mankato a a a ab a 
1-Parent materials with a _ same letter are not significantly 
differ ent at the . OS level . 
Tab le 18 . Parent material B horizon ANOVA resul t s . 
Parent N03-N Bray P Bicarb p 1: so4-s 
Eol ian ab 1 ab ab a ab 
Alluvium ab a a b- c 
Outwash ab a a a a 
Iovan ab a a ac a 
Tazewel l  b b b b a 
Cary ab a a b a 
Mankato a a a be b 
Table 19 . Parent mat er ial C horizon ANOVA r esult s . 
Parent N03-N Bray P Bicarb p 1: so4-s 
Eolian a l b b a a 
Alluvium ab a ab d b 
Outwash ab a ab a ab 
Iowan ab a ab ab a 
Tazewel l  a b b bd a 
Cary b a a cd ab 
Mankato ab a a be b 
1-Par ent materials ·with a same let ter are not significant l y  
different a t  the . OS level . 
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Soil Taxonomic Class Results 
Means and standard deviations were also determined for 
additional categories of Soil Taxonomy (Tables 20-23) .  Generally , 
nutrient levels in suborders ,  subgroups , great groups , and 
mineralogical classes were similar to those found in series and parent 
materials .  Variability in these categories was as high , i f  not 
higher , as in series and parent materials . Apparently., grouping soils 
according to other categories of Soil Taxonomy besides series will  not 
reduce variability , even though greater degrees of freedom are 
obtained . However , general statements can still be made about some of 
the nutrient trends of these taxonomic classes . 
For most taxomomic classes ; P levels are low and K and S 
levels are medium to high (Tables 20-23 ) ,  which was similar to what 
was found for soil series and parent materials .  The Alb suborder 
(Table 20) had the highest P and K levels and the lowest S content of 
the suborders found wi thin the studied series . This was to be  
expected since this a· highly weathered suborder having soils with an  E. 
(albi c )  horizon ( Tonka series) . 
The Cumulic subgroup (Table 2 1 ) was the most fertile with 
respect to K and S and was one of the most fertile with respect to P .  
This would stand t o  reason since this subgroup catagorizes soils 
having deeper mollie epipedons ( darker colored layers with high 
accumulations of organic matter ) which generally contain a large 
Table 20 . Syborder profile means 
P ,  I ,  and S • 
Suborder (Means ) N Bray P 
Bor 4 . 9  4 . 7  
Aqu 4 . 3  5 . 3  
Orth 4 . 1 1 . 1 
Alb 5 . 1 4 1 . 2  





6 . 7 
6 . 6  
9 . 4  
6 . 6  
8 . 9  
1 2 . 5  
1 . 4 
26 . 2  
8 8  
and standard deviations for N ,  
Bi carb 
3 . 3  
4 . 3  
1 . 7 
26 . 9  
4 . 7  
6 . 9  
2 . 6  
1 7 . 7  
p X: 
1 43 . 7  
1 63 . 4  
1 25 . 3  
333 . 8  
1 1 4 . 9  
1 1 2 . 6  
65 . 5  
1 58 . 4  
s 
5 . 5  
2 2 . 1  
5 . 2 
2 . 2  
1 4 . 3  
3 2 . 6  
8 . 0  
3 . 4  
1- aeans and standard deviations i n  mg kg- 1 • 
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Table 2 1 . Sybgr oup profile means and standard deviati ons for N ,  
P ,  I ,  and S • 
Subgroup ( Means ) N Bray p Bicarb p I s 
Udic 5 . 0  5 . 3  3 . 6  1 42 . 8  6 . 3  
Pachic Udic 4 . 7  4 . 3  3 . 0  1 41 . 3  4 . 3  
Udorthentic 4 . 9  3 . 9  2 . 6  1 46 . 5  2 . 6  
Aerie 8 . 4  1 . 4 2 . 0  1 06 . 7 2 . 0  
Cumul ic 3 . 6  4 . 9  4 . 4  2 25 . 3  26 . 7  
Cumu l i cudi c 5 . 1  3 . 9  3 . 2  1 68 . 4  1 3 . 7  
Typic 3 . 3  5 . 8  4 . 4  1 25 . 8  20 . 9  
( Standard deviations) 
Udi c  6 . 3  9 . 4  5 . 1 84 . 4  1 6 . 4  
Pachic Udi c  4 . 9  9 . 5  4 . 6  98 . 6  1 1 . 8 
Udorthentic 1 2 . 6 4 . 1 2 . 4  256 . 6  1 . 9 
Aerie 1 3 . 5  1 . 9 1 . 4  66 . 0  2 . 3  
Cumul ic 2 . 2  7 . 2  4 . 9  1 35 . 5  30 . 5  
Cumul icudic 6 . 9  4 . 8  2 . 5  59 . 2  1 9 . 4  
Typic 5 . 5  1 5 . 8  8 . 4  63 . 4  34 . 5  
1
- aeans and standar d deviations in mg kg-
1 • 
amount of nutrients that get released upon mineralization of the 
organic matter . 
Of the four greatgroups studied , soils having an Arg 
greatgroup had the highest levels of P and K (Table 2 2 )_ . This  
category of  Soil Taxonomy groups soils  having argillic ( high clay) 
horizons which "hold" nutrients better than soils having low clay 
contents .  The Calc greatgroup had the highest S levels probably due 
to the fact that this greatgroup catagorizes soils with high calcium 
carbona te ( CaC03) contents .  Sulfur readily combines with calcium to 
form calcium sulfates upon dissolution of CaC03 which help  reduce 
leaching losses . 
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Soils having a montmorillonitic family mineralogy class had 
the highest ievels of P ,  K ,  and S (Table 23) . Once again , this was 
probably due to  the high clay contents associated with this mineralogy 
class which retain nutrients to a better degree than soils having low 
clay contents . The mixed ( calcareous ) mineralogy class also had a 
high S content thus exemplifying the importance of calcium in S 
fertility . 
An interesting deviation from the trends of series and parent 
material data can be seen in the N means . For the most par t , 
taxonomic class levels of N fell into the medium category based on the 
same categories used fo� series and parent materials .  However , 
standard deviations for N were generally higher in these classes than 
for series which would be expected since series is a much more 
definitive category of Soil Taxonomy. All these . higher categories of 
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Table 2 2 . Gfeatgroup profile means and standard deviations for N ,  
P ,  I ,  and s . 
Greatgroup (Mean s) N Bray P Bicarb p [ s 
Hapl 4 . 5  5 . 3  3 . 6  1 45 . 4  6 . 9  
Calc 5 . 5  1 . 2 2 . 4  . 1 1 9 . 2  20 . 3  
Arg 6 . 0  1 6 . 4  1 1 . 2  238 . 2  1 0 . 6  
Ud 4 . 1 1 . 1  . 1 .  7 1 25 . 3  5 . 2  
( Standard deviations ) 
Hapl 6 . 0  1 0 . 3  5 . 4  1 1 8 . 7 1 6 . 5  
Cal c  1 0 . 1  1 . 4 1 . 6  53 . 1  36 . 4  
Arg 8 . 0  24 . 0  1 5 . 6  1 42 . 1 23 . 0  
Ud 9 . 4  1 . 4 2 . 6  65 . 5  8 . 0  
1- aeans and standard deviations in mg kg- 1 • 
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Table 23 . Family mineralogy profile means and standard deviations 
for N ,  P ,  I ,  and S • 
Mineralogy (Means ) N Bray P Bicarb p I s 
Mixed 4 . 4  5 . 3  3 . 5  1 3 1 . 4  4 . 5  
Montmoril lonitic 6 . 1 1 4 . 5  10 . 0  275 . 3  1 8 . 6  
Mixed ( Calcareous ) 4 . 1 2 . 5  3 . 0  1 49 . 6  1 1 . 0  
( Standard deviations) 
Mixed 6 . 1 1 0 . 6  5 . 5  1 04 . 9  1 1 . 4  
Montmorilloni tic 1 . 5  2 1 . 9  14 . 3  1 5 1 . 5  3 1 . 0  
Mixed (Calcareous ) 6 . 4  5 . 5  4 . 2 8 1 . 4  1 1 . 6  
1- aeans and s tandard deviations in mg kg-1 • 
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Soil Taxonomy tended to be  approximately equal in N levels . From the 
data in Tables 20-23 , using the higher categories of Soil . Taxonomy 
does not appear to be as useful in categorizing soils into b road 
categorie� for the nutrients studied . 
DISCRIMINANT ANALYSIS RESlH..TS 
Tables 24-29 show the results of the stepwise discriminant 
analysis run for each category of Soil Taxonomy in each horizon . From 
these results one can tell which nutrient best discriminated in that 
category . For example , if  P best discriminates among series , P could 
possibly be u�ed in separating soils into soi� series. For soil 
orders (Table 24) , P best discriminated in every horizon . The reason 
P best discriminates is not certain but could possibly be related to 
mineralogy . Bicarbonate P best discriminated in every horizon except 
the A horizon . Thi s  would be expected since many of these soils 
studied were formed in calcareous glacial till and the bicarbonate P 
method for determination of available P usually extracts  P better at 
higher pH levels .  Since only two soil orders were represented in the 
soils studied , F values were low and no values were significant at the 
. 01 level . 
Table 2 4 .  Soi l order stepwise discriminant analysi s results . 
Horizon Nutrient F Probability > F 
Ap K 1 . 1 00 0 . 2974 
n Bray P 1 . 834 0 . 1 795 
n Bicarb P * 4 . 4 1 2  0 . 0388 
n s 1 . 067 0 . 3048 
n N 3 . 2 1 4  0 . 0767 
A Bray p * 0 . 386 0 . 5363 
n Bicarb p 0 . 203 0 . 6536 
n N 0 . 1 93 0 . 66 1 5  
n s 0 . 1 94 0 . 66 1 3  
n ( 0 . 002 0 . 9669 
B s 0 . 450 0 . 503 1 
n ( 0 . 024 0 . 8764 
n Bray p 0 . 1 1 6 0 . 7343 
n N 1 . 499 0 . 2 2 20 
n Bicarb P * 1 . 665 0 . 1 98 1  
· c  . ( 0 . 008 0 . 9 2 7 1  
" Bray P 0 . 043 0 . 835 2  
· n s 0 . 047 0 . 8289 
n Bicar b p * 1 . 649 0 . 2 0 1 4  
n N 1 . 027 0 . 3 1 29 
*- s ignifies the best discriminator for that hori zon . 
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Soil Suborder 
Soil suborder discriminant results were similar to those in 
soil orders in that P best discriminated in every horizon ( Table 25 ) . 
Bicarb P best discriminated in Ap and C horizons where as Bray P best 
discriminated in A and B horizons . The reason Bray P is best at 
discriminating among these horizons could be due to increased 
weathering and higher organic matter levels which secrete organic 
acids and lower pH values which can increase weathering of minerals 
( Appendix Table D) . Suborder F values were significant ( P  < . 01 )  for 
the best discriminator in each horizon . Sulfur was the next best 
discriminator in all horizons and F values were significant ( P  < . 01 )  
for Ap and B horizons . This too could be due in part to a 
relationship wi th organic matter contents since S levels are known to 
be strongly correlated with organic matter levels . 
Soil Subgroup 
Results of the discriminant analysis for subgroups (Table 26 ) 
were very similar to those of the suborder analysis . Again , Bicarb P 
best discriminated in Ap and C horizons and Bray P in A and B 
horizons . In each case , F values were significant (P  < . 01 ) . The 
difference between the two categories is that K is discriminating more 
and S is discriminating less in subgroups . Subgroup F values for K in 
B and C horizons were significant (P < . 01 ) . As in the case of 
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Table 25 . Soil suborder stepwi se discriminant analysis result s .  
Horizon Nutrient F Probability > F 
Ap I 1 . 7 1 5  0 . 1 694 
" Bray P 3 . 1 74 0 . 0284 
" Bicarb P * 1 2 . 056 0 . 000 1 
" s 6 . 660 0 . 0005 
" N 2 . 1 1 3  0 . 1 039 
A Bray p * 57 . 284 0 . 000 1 
" Bicarb p 3 . 444 0 . 0209 
" N 0 . 396 0 . 7 5 9 1  
n I 0 . 237 0 . 8 7 0 1  
n s 4 . 500 0 . 0060 
B s 1 9 . 407 0 . 0001 
" I 4 . 885 0 . 00 2 7  
n Bray p * 1 77 . 689 0 . 0001 
" N 3 . 300 0 . 0209 
" Bicarb P 2 . 109 0 . 09 8 2  
c I 2 . 630 0 . 05 2 2  
" Bray P 0 . 283 0 . 8387 
" - s 2 . 982 0 . 0335 
" Bicarb p * 65 . 764 0 . 0001 
" N 0 . 603 0 . 6 1 8 1  
*- signifies the best di scriminator for that horizon . 
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Table 26 . Soil sub group stepwise discriminant analysis resul t s . 
Horizon Nutrient F Probabi lity > F 
Ap [ 1 . 837 0 . 0922 
n Bray P 0 . 53 7  0 . 805 1 
n Bicarb P * 6 . 302 0 . 0001 
n s 4 . 905 0 . 000 1 
n N 0 . 558 0 . 789 1 
A Bray p * 2.4 . 337 0 . 000 1 n Bicarb p 1 . 586 0 . 1 540 
n N 3 . 422 0 . 0034 
n [ 3 . 6 1 1  0 . 0023 
n s 1 . 938 0 . 0763 
B s 8 . 755 0 . 000 1 
n X 3 . 802 0 . 0007 
n Bray P · * 76 . 063 0 . 000 1 
n N 2 . 299 0 . 0276 
n Bicarb P 0 . 83 1  0 . 5635 
c � 3 . 899 0 . 0008 
n Bray P 1 . 457 0 . 1 885 
n s 1 . 725 0 . 1 088 
n Bicarb p * 27 . 649 0 . 000 1 
n N 0 . 595 0 . 7 606 
*- signifies the best discriminator for that horizon . 
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suborders , F values for S were significant ( P  < . 01 )  i n  A p  and B 
horizons . The criteria used for separating subgroups is similar to 
those used for suborders so one would expect similar results  for both 
for many of the same reasons . 
Soil Greatgroup 
Several differences were encountered from the two previous 
analyses in the greatgroup discriminant results  ( Table 2 7 ) . S ulfur 
was the best discriminator among Ap horizons and potassium was the 
best discriminator among B horizons . Similar to  t�e two previous 
categories , Bray P best discriminated in A horizons and Bicarb P in C 
horizons . Greatgroup F values were significant (P  < . 01 )  for the best 
discriminator in each horizon . None of the other nut rients 
discriminated significantly (P > . 05 )  in all horizons . The greater 
refinement of the range in properties of soils at this level and the 
separation of soils into more uniform weathering states could be  
causing these discrepencies from the other classification categories . 
Soil Series 
Soil series discriminant analysis results (Table 28 ) were 
somewhat similar to thos.e of the subgro"up analysis in that Bray P was 
the best discriminator in A and B horizons and Bicarb P in C horizons . 
Sulfur best discriminated among Ap  horizons . I t . is not clear why S 
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Table 2 7 .  Soil greatgroup stepwise discriminant analysis 
results . 
Horizon Nutrient F Probab i lity > F 
Ap I 4 . 263 0 . 007 7 
n Bray p 1 . 673 0 . 1 783 
n Bicarb p 3 . 307 0 . 0243 
n s * 7 . 1 79 0 . 0003 
n N 1 . 725 0 . 1 6 72 
A Bray p * 26 . 076 0 . 000 1 
n Bicarb p 4 . 443 0 . 0064 
n N· 1 . 225 0 . 3067 
n I 2 . 638 0 . 0551  
n s 0 . 558 0 . 6482 
B I * 14 . 331  0 . 0001 
n Bray p 0 . 986 0 . 40 1 5  
n s 4 . 684 0 . 0035 
n Bicarb p 4 . 5 1 7  0 . 0044 
n H 1 . 787 0 . 1 485 
c s 2 . 839 0 . 0401 
. n K 1 . 460 o .  2 2.75 
n Bray P 0 . 183 0 . 9056 
n N 1 . 82 1  0 . 1 45 1  
n Bicarb P * 7- . 42 1  0 . 0002 
*- signifies the best di scriminator for that horizon . 
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Table 28 . Soil series stepwise discriminant analysis resul t s . 
Horizon Nutrient F Probability > F 
Ap X: 2 . 967 0 . 0004 
n Bray p 3 . 498 0 . 0001 
n Bicarb p 0 . 93 7  0 . 5534 t 
n s * 4 . 333 0 . 0001 
n N 0 . 702 0 . 8234 
A Bray p * 7 . 39 1  0 . 0001 
n Bicarb p 4 . 309 0 . 0001 
n N 1 . 209 0 . 2786 
n ( 1 . 39 1 0 . 1 6 1 1 
n s 0 . 590 0 . 9 1 56 
B s 6 . 357 0 . 0001 
n ( 4 . 303 0 . 0001 
n Bray p * 25 . 747 0 . 0001 
n N 2 . 864 0 . 0001 
n Bicarb P 0 . 834 0 . 68 1 8  
c I 4 . 890 0 . 000 1 
n Bray P 2 . 2 1 1  0 . 0045 
· n  s 1 . 846 0 . 0 2 2 7  
n Bicarb p * 1 2 . 1 1 0  0 . 00 0 1  
n N 1 . 5 1 9  0 . 0865 
*- signifies the best discriminator fo� that horizon . 
best discriminated among Ap horizons for soil series and soil 
greatgroups and not for the other classification categories . The 
greater refinement of the depth of mollie epipedon at the lower 
categories of Soil Taxonomy could be playing a major role in this 
observation . Potassium discriminated significantly (P < . 01 )  in Ap 
and C horizons and all nutrients except Bicarb P significantly (P < 
. 01 )  discriminated in B horizons . 
Parent Material 
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Discriminant analysis results for parent materials ( Table 29 ) 
were qui te different from the other results . Bray P . best . 
discriminated among parent materials in the Ap horizon and potassium 
was the best discriminator in A horizons . However , in both cases , F 
values were low and few were significant (P < .01) . Sulfur best 
discriminated among parent materials in B horizons followed by K and 
Bray P .  Parent material F values were significant ( P  < . 01 )  for these 
three nutrients in the B horizon . Bray P was the best discriminator 
for C horizons . One might expect Bicarb P to be the best 
discriminator in this horizon since pH levels were the highest in this 
horizon which was the case in all the other discriminant analyses . 
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Tab le 29 . Soil parent material stepwise di scr iminant analysis 
results . 
Horizon Nutrient F Probabi lity > F 
Ap I 2 . 582 0 . 0 248 
" Bray p * 3 . 064 0 . 0097 
" Bicarb p 2 . 143 0 . 0582 
" s 0 . 674 0 . 6706 
" N 0 . 65 1  0 . 6893 
A Bray p 2 . 053 0 . 0695 
" Bicarb p 2 . 507 0 . 0294 
" N 1 . 832 0 . 1 052 
" I * 3 . 246 0 . 0072 
" s 1 . 094 0 . 3750 
B s * 1 0 . 240 0 . 000 1 
" I 5 . 933 0 . 000 1 
" Bray p 5 . 548 0 . 0001 
" N 1 . 490 0 . 1 82 2  
" Bicarb P 0 . 638 0 . 6999 
c I . 6 . 074 0 . 000 1 
.ft Bray P * 13 . 505 0 . 000 1 
" s 2 . 690 0 . 01 74 
" Bicarb p 2 . 476 0 . 02 7 1  
" N 0 . 660 0 . 68 2 2  
*- s ignifies the best discriminator for that horizon . 
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ANALYSIS of VARIANCE 
Soil Series 
Analysis of variance results of soil series indicate large 
variations in these nutr ients  at the soil series level (Table 30) . 
Coefficients of variability range from a low of 39% by  K in C horizons 
to 245% for S in A horizons . This data confirms the observation made 
earlier that N was the least variable and S the most variable nutrient 
of this study . Coefficients of variability by  horizons indicate A 
horizons to be the most variable , Ap horizons the least , and B and C 
horizons to be approximately . equal in variability which deviates from 
an earlier observation . 
Soil series analysis of variance results ( Table 30) also 
indicate a strong relationship between series and phosphorus levels . 
Approximately 70% of  the variability in P levels could be explained at 
the soil series level for most horizons . Soil series F values were 
significant (P < . OS) for both Bray and Bicarb P in all horizons . For 
the other nutrients ,  A horizon results show approximately 28% of the 
variability in these nutr ient levels being explained by soil series . 
F values for these nutrients in the A horizon were not significant ( P  
> . OS )  
A p  horizon ANOVA results were quite unexpected .  Sixty-two 
percent of the S ,  55% of the K ,  and only 26% of the N variability 
could be explained by  the soil series . Ap horizon F values were 
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Table 30 . Soil series analysis of variance ( ANOVA ) result s  by 
horizons . 
Horizon Nutrient cv* R2 F value Prob > F 
Ap N 84 . 8  . 25.5 0 . 89 . 6066 
" Bray P 87 . 7  . 560 3 . 32 . 000 1 
" Bicarb P 82 . 0  . 5 28 2 . 9 1 . 0005 
" 1: 5 1 . 2  . 554 3 . 24 . 000 1 
" s 1 79 . 6  . 624 4 . 33 . 000 1 
A lf 1 6 1 . 7  . 3 1 3  1 . 09 . 3863 
" Bray p 1 1 7 . 7  . 756 7 . 39 . 0001 
" Bicarb p 1 23 . 5  . 666 4 . 77 . 0001 
" 1: 1 05 . 5  . 254 0 . 8 1 . 7006 
n s 245 . 2  . 245 0 . 7 7 . 7453 
B N 1 00 . 4  . 2 1 6  2 . 75 . 000 1 
" Bray p 1 1 1 . 2  . 7 1 8  25 . 52 . 000 1 
" Bicarb p 85 . 6  . 693 22 . 54 . 000 1 
" 1: 44 . 3  . 462 8 . 60 . 000 1 
" s 207 . 9  . • 388 6 . 34 . 000 1 
c N 1 23 . 2  • 244 1 . 69 . . 0463 
" Bray p 1 00 . 5  . 640 9 . 3 2  . 0001 
n Bicarb p 87 . 8  . 62 2  8 . 66 . 0001 
" K 38 . 6  . 54 9  6 . 40 . 0001 
" s 1 5 2 . 6  . 3 74 3 . 1 4 . 0001 
2C N 1 39 . 5  . 297 1 . 69 . 1 383 
n Bray p 15 . 7  . 8 1 3  1 7 . 44 . 0001 
n Bicarb P 78 . 9  . 850 2 2 . 69 . 000 1 
n 1: 29 . 0  . 8 10 1 7 . 07 . 000 1 
" s 3 28 . 9  . 1 62 0 . 78 . 62 70 
* CV= c oefficient of variability ( % ) . 
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significant ( P  < . 05 )  for K and S but not for N .  The amount of 
variability explained by  soil series in P level s  was the lowest in 
this horizon , approximately 55% . One might expect differences in 
cultivational practices between sites would cause R2 ( Coefficients of 
determination) to be lower for all nutrients . Apparantly , soil 
differences are greater than cultural differences . 
B horizon ANOVA results show a greater proportion of  the 
variability in K and S levels being explained at the series level over 
A horizons . However , the amount explained still remained under 50% . 
Apparently , differences in these nutrient levels due to differences in 
weathering/leaching rates in B horizons is better accounted for , as 
cOmpared to A horizons , at the seri�s level . Intere�tingly , F valu�s 
for N, K ,  and S were significant (P < . 05) , b
.
ut were much lower than 
tho"se for phosphorus . 
The C horizon ANOVA results were similar to those of the B 
horizon . Slight increases in R2 were found for N and K whereas S was 
approximately equal . For all nutrients in the C horizon , F values 
were lower compared . with B horizon F values , but were still 
significant (P > . 05)  for all except N03-N .  One would expect R2 to be 
highest in C horizons since this horizon has the least influence from 
weathering and cultivation and nutrient levels should be more uniform. 
Apparently the large spatial variation in nutrient levels common in 
glacial materials can not be compensated for very well  by soil series . 
One should keep in mind that only four to five sites were sampled for 
each soil series . 
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For those soils with 2 C  horizons , results were very dramatic . 
for P and K .  As much as 85% of the variability in Bicarb P and 81% of 
the variability in Bray P and K could be explained by soil series . 
Coefficients of determination were low ,  . 30 and . 1 6 ,  for N and S ,  
respectiveiy .  Judging from this data , the discontinuities in these 
soils are being separated well at the series level with respect to P 
and K .  Differences in leaching rates or possibly fluctuating water 
tables could explain the low correlation between series and N and S 
levels since these elements are very mobile . 
· SUMMARY and CONCLUSIONS 
· This study was conducted to determine subsoil and parent 
material nutrient levels and the variability of those nutrient levels 
in 25 benchmark soils of northeastern South Dakota . Sites were 
located and selected with the assistance of the Soil Conservation 
Service and represented the type location for the series studied as 
described in modern detailed soil surveys . Four to six different 
geographic locations ( counties/townships ) were sampled for each series 
studied . Soils were morphologically sampled to a depth of 1 . 5 meters . 
Each soil sampled was analyzed to determine the N ,  P ,  K ,  ans S levels 
for individual and groups of horizons and for profiles as a whole . 'rin 
addition , each soil sampled was analyzed for additional physical and 
chemical properties ( see Appendix T�bl�s ) .  
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Results o f  this  study generally show nitrogen and phosphorus 
levels to be low and potassium and sulfur levels medium to high in the · 
series and parent materials studied in MLRA 102A . For all nutrients 
studied , variability (CV )  was high due to the large inherent 
variability associated with these young glacial drift soils , to 
limited number of degrees of freedom , and to low mean value s . 
Soil nutrient variability (CV )  in series and parent materials 
was reduced substantially by separating individual and groups of 
horizons , but remained quite high primarily due to large natural 
spatial variability and partly due to horizon differences . 
Variability in K levels was substantially less than for all other 
nutrients due to larger quantities of available K .  �lthough general 
trends were consistant across series and parent materials studied , 
significant differences were found between horizons , several series , 
and several parent materials . In many cases , differences found 
between series and parent materials could be explained by differences 
in soil forming factors ( genesis of the soils )  and the classification 
of the soils . 
Stepwise discriminant analysis results  generally show P ( both 
Bray and Bicarbonate ) to be the best discriminator among all soil 
taxonomic classes . In lower taxonomic classes , Bray P was generally 
the best discriminator within A and B horizons . In every case except 
the parent material analysis , Bicarb P was the best discriminator in C 
horizons reflecting the higher pH and less weathering associated with 
C horizons . · Also , at the lower taxonomic categories , the other 
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nutrients are discriminating more for most horizons which reflects the 
greater refinement of  the range in soil properties at the lower 
categories . 
Analysis of variance results indicate that  the_ higher 
classification categories of Soil Taxonomy do not explain much of  the 
variability in nutrient levels for the nutrients studied except P .  
Soil series did , however , explain a good portion of the variability . 
Approximately 68% of the variabilty in horizon P levels could be 
explained by the classification of these soils . These results 
indicate that a strong relationship exists between P levels and the 
classification and genesis of these soils . Also , these result s  show 
that P could be very useful in determining · and under�tanding soil 
forming processes .  
Even though variability within these soils is high and the 
classification of these soils does not always explain a large portion 
of the variability in nutrient levels , the general statements  made 
about these soils should hold true for soils which are taxonomically 
similar within this ·region . The information gained in this study 
should be very useful to pedologists , soil fertility specialists , and 
other researchers . 
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FUTURE RESEARCH 
Future research on the samples collected in this study should 
include a more complete particle size analysis determination on all 
samples . This information coupled with other physical and chemical 
property data already measured can be used to determine if these soils 
fall into the ranges set for the physical and chemical properties for 
each soil series and to see if these soils are classified correctly . 
In addition , this data should be used in conjunction with the 
fertility data to determine relationships between the physical and 
chemical properties of these soils and the fertility levels . 
In addition , these sa�ples could be utilized· for mineralogical 
studies . It ·would be interesting to know which minerals are 
controlling P and K levels and to determine some of the phosphorus and 
potassium subsoil chemistry ( absorption/release kinetics , diffusion , 
etc . )  occurring in these soils and their relationship to some of the 
other properties . 
Research conducted in the future similar to this study should 
take into consideration some of the following suggestions . For ease 
in statistical analysis , profiles taken · for each series studied should 
contain the same horizons if at all possible . Also , a reduction in 
the number of series studied and an increase in the number of profiles 
taken for each series should , in theory , give a more accurate estimate 
of the variabi lity in these nutrient levels . 
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APPEND I X  TABLE A .  SO I L  NUTR I ENT LEVELS (RAW DATA ) . 
PROF I LE SERI ES COUNTY HORIZON DEPTH NUTR I ENTS (LG/KG ) 
( IN) N BRAY BICARB K s 
p p 
1 EGELAND GRANT AP eee 888 4 34 1 9  325 7 
1 EGELAND GRANT A8 ee&-e 1 3  3 23 9 388 7 
1 EGELAND GRANT BW1 8 1 3-838 2 3 2 1 35 1 1  
1 EGELAND GRANT BW2 838-035 3 4 2 75 7 
1 EGELAND GRANT BK 03�48 3 3 2 78 7 
1 EGELAND GRANT c 048-860 3 1 1 55 1 8  
2 1  EGELAND COOINGTON AP �·9 5 1 ft  1 8  88 0 
2 1  EGELAND COO INGTON BW1 8H-8 1 4  1 3 2 75 8 
2 1  EGELAND COO INGTON 8W2 81 4-826 1 5 3 58 1 
2 1  EGELAND COO INGTON 9C 826-832 2 3 2 75 1 
2 1  EGELAND COO I NGTON 2C 1 832-838 2 1 2 88 8 
2 1  EGELAND COO INGTON 2C2 838-860 2 1 1 88 1 
1 88 EGELAND GRANT AP 888-887 3 32 1 7  1 55 8 
1 88 EGELAND GRANT BW1 087-8 1 5 2 4 3 75 8 
1 88 EGELAND GRANT BW2 0 1 5-827 3 3 2 65 0 
1 88 EGELAND GRANT BC 827-835 4 3 3 68 1 
1 88 EGELAND GRANT C 1  835-848 7 8 2 58 1 
1 88 EGELAND GRANT 2C2 848-868 7 1 1 1 98 2 
1 83 EGELAND HAML I N  AP 888-087 4 1 1  7 1 88 8 
1 83 EGELAND HAMLIN  A 887-8 1 8  2 1 2 75 1 
1 83 EGELAND HAMLIN  BW 1  8 1 8-0 1 9  1 1 2 78 8 
1 83 EGELAND tw.tL IN BW2 81 9-825 1 4 3 68 8 
1 83 EGELAND tw.tL I N  9C 825-837 1 8 3 55 1 
1 83 EGELAND tw.tL IN C 1  037�52 1 1 2 55 1 
• 1 03 EGELAND HAML IN C2 052-868 2 1 1 68 1 
2 t.W>OOCK GRANT AP 888-887 2 9 4 85 2 
2 . WAOOOCK GRANT AS 887-8 1 4 2 3 2 78 . 1 
2 MADDOCK GRANT BW 0 1 4-824 2 1 2 68 4 
2 t-W>OOCK GRANT BC 824-846 1 7 3 58 3 
2 MADDOCK GRANT c 046-068 1 5 2 78 3 
42 �K BROOK INGS AP - 088-088 4 6 3 288 1 
42 t-W>OOCK BROOK INGS BW 088-82 1 1 6 3 88 8 
42 MADDOCK BROOK INGS C 1  82 1 -848 1 1 2  7 65 8 
42 WADOOCK BROOK INGS C2 848-868 3 1 2  7 68 2 
73 WAD DOCK MARSHALL A 886-0 1 2 4 1 3 4 1 48 1 
73 t.tADOOCK t.tARSHALL AC 0 1 2-8 1 5 1 1 1  5 1 45 8 
73 MADDOCK t.tARSHALL C 1  8 1 5-838 1 8 5 1 78 8 
73 MADDOCK �RSHALL C2 838-868 1 2 4 1 85 0 
95 t.W>OOCK �y AP 888-888 3 4 2 58 5 
95 MADDOCK �y BW 888-8 1 4 1 3 1 48 4 
95 WADOOCK �y C 1  8 1 4-826 1 2 1 48 · 2 
95 . t-W>OOCK �y C2 826-868 1 3 3 48 0 
3 ESTELLI NE GRANT AP 888-088 2 9 7 1 30 5 
3 ESTELLINE GRANT AS 088-8 1 4  1 3 3 1 08 4 
3 ESTELLINE GRANT 8W 8 1 4-824 1 1 2 1 05 6 
3 ESTELLINE GRANT 2C 824-860 1 2 2 58 7 
22 ESTELLINE COO I NGTON AP 880-006 22 1 1 0 5 1  288 3 
22 ESTELLINE COO I NGTON BW1 886-8 1 7 1 0  1 6  1 1  1 38 2 
22 ESTELL INE COO INGTON BW2 0 1 7-827 4 6 7 1 1 5 1 
22 ESTELLINE COO INGTON BK 1  827-834 5 2 2 1 1 8 2 
22 ESTELLI NE COO I NGTON BK2 834-837 1 1  0 1 1 08 6 
22 ESTELLI NE COO I NGTON 2C 837-868 8 1 1 70 4 
43 ESTELLI NE BROOK I NGS AP 080-009 6 23 1 3  1 50 3 
43 ESTELL I NE BROOK I NGS BW1 089-8 1 7  2 4 3 . 70 1 
43 ESTELL I NE BROOK INGS BW2 0 1 7-830 3 4 3 68 2 
43 ESTELLI NE BROOK I NGS BK 830-845 5 2 1 70 2 
1 2 0  
APPENDI X  TABLE A .  SOI L NUTR I ENT LEVELS (RAW 
.
DATA ) . 
PROfi LE SER I ES COUNTY HORIZON DEPTH NUTR I ENTS (t.tG/KG) ( IN) N BRAY B ICARB K s 
p p 
43 ESTELLI NE BROOKI NGS 2C1 845-858 5 3 1 68 2 
43 ESTELLINE BROOK INGS 2C2 858-868 3 3 1 55 2 
79 ESTELLINE MARSHALL AP eee-ee6 1 6  5 3 235 2 
79 ESTELLINE MARSHALL A 886-888 21  4 - 3 1 75 3 
79 ESTELLI NE MARSHALL BW1 888-81 6  1 9  3 3 1 45 1 
79 ESTELLINE MARSHALL BW2 81 6-828 6 2 1 98 1 
79 ESTELLINE MARSHALL BK 828-838 4 1 1 55 2 
79 ESTELLINE MARSHALL 2C 838-868 3 2 1 58 3 
4 POINSETT GRANT AP 888 888 3 7 4 1 58 e 
4 POINSETT GRANT AS 888-81 2  2 2 2 1 35 1 8  
4 POINSETT GRANT BW 8 1 2-81 9 1 1 1 1 28 3 
4 POINSETT GRANT BK 81 9-827 1 1 1 1 35 7 
4 POINSETT GRANT C1 827-858 1 8 8 1 35 8 
4 PO INSETT GRANT C2 858-868 1 8 8 1 58 6 
38 POINSETT DEUEL AP eee-ee7 6 1 4  1 8  285 1 
38 POINSETT DEUEL A 887-8 1 8  6 8 6 1 85 1 
38 POINSETT DEUEL BW1 81 8-81 4 2 2 2 1 38 8 
38 POINSETT DEUEL BW2 81 4-825 2 1 2 1 58 1 '  
38 POINSETT DEUEL 81<1 825-838 2 1 1 1 80 1 
38 POINSETT DEUEL 81<2 838-842 1 1 1 1 85 1 
38 POINSETT DEUEL c 842-888 1 1 1 1 35 1 
58 POINSETT ROBERTS AP 888-886 5 9 5 1 70 2 
58 POINSETT ROBERTS BW1 88&-eee 3 1 8  7 1 48 4 
58 POINSETT ROBERTS BW2 889-81 8 2 3 2 1 1 8 4 
58 POINSETT ROBERTS BW3 81 8-821 1 1 2 95 ' 1 
58 PoiNSETT ROBERTS 81< 1  82 1-825 2 1 2 88 8 
58 POINSETT ROBERTS BK2 825-832 1 1 1 75 5 
58 PO I NSETT ROBERTS c 832-868 8 1 1 75 9 
1 84 POINSETT HAWLIN AP 888-889 1 4  8 5 1 65 1 
1 84 POINSETT HAWLIN � BW1 889-81 5  9 3 2 1 35 1 
1 84 PO I NSETT HAWLI N  BW2 8 1 5-821 5 2 2 1 58 2 
1 84 PO I NSETT HAMLI N  BW3 821-827 4 1 2 1 45 1 
1 84 PO I NSETT HAML I N  81< 1  827-841 4 1 2 1 68 1 
1 84 POINSETT HAWLIN BK2 841-846 4 1 2 1 35 8 
1 84 POINSETT HAWLIN 2C 846-868 4 1 2 1 45 8 
5 LADELLE GRANT AP 888-886 28 1 2  7 278 7 
5 LADELLE GRANT A 886-81 8  2 6 3 1 25 4 
5 LADELLE GRANT C 1  81 8-836 1 8 2 95 1 6  
5 LADELLE GRANT C2 836-868 1 8 2 1 38 22 
36 LADELLE DEUEL AP 886-88  2 3 3 2 1 5  8 
36 LADELLE 'DEUEL A 888-8 1 7  2 3 2 1 78 1 
36 LADELLE DEUEL BW 8 1 7-826 1 1 2 1 78 1 
36 LADELLE DEUEL BK 826-834 1 1 1 1 38 4 
3& LADELLE DEUEL ABU 834-845 1 1 1 1 85 33 
36 LADELLE DEUEL c 845-868 1 1 1 1 88 57 
59 LADELLE ROBERTS AP 88�87 5 1 5  9 285 4 
59 LADELLE RO_BERTS A 887-8 1 6  6 1 3  8 268 6 
59 LAOELLE ROBERTS BW 81 6-835 2 2 3 1 85 · 3 
59 LACELLE ROBERTS ABU 835-843 6 1 2 1 85 36 
59 LAOELLE ROBERTS c 84�68 1 8  3 2 98 82 
1 82 LADELLE GRANT AP 888-888 1 8  1 8  7 1 55 2 
1 82 LADELLE GRANT A 888-828 4 2 2 1 98 1 
1 82 LAOELLE GRANT C1  828-838 2 8 2 1 48 2 
182 LAOELLE GRANT C2 838-868 4 1 2 . 228 8 6 HEia..llAL GRANt AP eee-ee8 5 8 3 1 48 8 
6 HEia..llAL GRANT AS 888-8 1 2  3 7 3 1 1 8 6 
1 2 1  
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PROFI LE SER I ES COUNTY HOR I ZON DEPTH NUTRI ENTS . (IIG/kG) 
( IN) N BRAY B ICARB K s 
p p 
8 HEI..,AL GRANT 8W 81 2-822 2 1 8 1 1 8 8 
8 HEI..,AL GRANT BK 822-833 2 1 8 98 5 
8 HEI..,AL GRANT c 833-868 1 1 8 78 8 
87 HEI..,AL ROBERTS AP 888-888 8 1 2  7 1 25 1 
67 HEI..,AL ROBERTS A 888-81 1 8 • 2 1 28 8 
87 HE I ..mAL ROBERTS BW 81 1-81 7 • 2 2 1 .a 8 
87 . HEit.llAL ROBERTS BK 8 1 7-823 2 1 1 88 8 
87 HE I ..mAL ROBERTS C1 823-835 2 1 1 88 8 
87 HEit.llAL ROBERTS C2 835-8.6 2 1 1 78 1 
67 HEI..,AL ROBERTS C3 Ma-868 2 1 2 88 1 
68 HEit.llAL ROBERTS AP 888-88  1 .  1 5  9 1 68 2 
68 HEit.llAL ROBERTS BW1 886-81 1 5 • 3 1 38 1 
68 HEI..,AL ROBERTS BW2 81 1 -8 1 8  3 2 2 1 28 1 
68 HEit.llAL ROBERTS BK 818-831 3 1 1 75 1 
68 HE I ..mAL ROBERTS c 831-868 • 1 1 95 8 
1 1 1  HEit.llAL GRANT AP 888-887 • 58 32 2 1 5  1 
1 1 1  HEit.I>AL GRANT BW1 887-81 7 1 3 3 1 .a 1 
1 1 1  HEit.I>AL GRANT BW2 81 7-826 1 1 2 1 88 1 
1 1 1  HEI..,AL GRANT BK 126-837 1 1 1 1 38 1 
1 1 1  HEit.I>AL GRANT c 837-868 1 1 I 1 38 73 
7 S I SSETON GRANT A 888-887 2 1 1 1 .5 6 
7 S ISSETON GRANT 81< 1  887-81 7 1 8 8 1 85 5 
7 SI SSETON GRANT 8K2 81 7-835 1 1 8 1 85 3 
7 SISSETON GRANT c 135-868 1 8 1 1 1 5 5 
52 SISSETON ROBERTS AP 888-e88 .. 2 1 8  1 58 • 
52 S I SSETON ROBERTS 8K1 888-81 8  • 1 2 78 • 
52 SISSETON ROBERTS BK2 8 1 8-838 • 8 1 78 5 
52 SI SSETON ROBERTS c 836-868 3 • 1 85 33 
63 SISSETON ROBERTS A eee-ee6 5 1 3 1 38 1 
63 S I SSETON ROBERTS 81< 1  886-81 .  1 1 2 75 1 
63 S I SSETON ROBERTS 81<2 11 -4-823 1 1 • 8 98 1 
63 SI SSETON ROBERTS C1  823-83. 1 1 8 95 1 
63 SI SSETON ROBERTS C2 13-4-888 1 1 I 88 1 
1 1 8 SI SSETON GRANT AP �85 1 8 6 328 1 
1 1 8 S ISSETON GRANT BK 1 885-41 9 1 1 1 2•5 1 
1 1 1 SISSETON GRANT BK2 81 9-833 1 1 1 1 25 1 
1 1 8 S ISSETON GRANT c 833-868 1 1 8 1 25 1 5  
8 TONKA GRANT AP eee-e06 1 8  1 88 63 295 • 
8 TONKA GRANT A 886-818  6 98 63 21 8 1 
8 TONKA GRANT E 11&-e23 2 .. 27 1 .e 8 
8 TONKA GRANT 8T1 123-831 2 1 6  8 278 8 
8 TONKA GRANT BT2 831-8.2 2 1 3  7 285 1 
8 TONKA GRANT BC M2-858 2 1 2  5 285 1 
. 8 TONKA GRANT c 15&-e68 2 9 6 2.5 • 
38 TONKA DEUEL AP ee&-e87 1 .  •6 1 7  .as 1 
38 TONKA DEUEL A 187-:81 2 5 25 9 278 1 
38 TONKA DEUEL E 11 2-8 1 8  3 58 3. 238 8 
38 TONKA DEUEL 8T1 81 8-828 2 35 2. 1 75 8 
38 TONKA DEUEL BT2 826-838 1 5• 2. 255 8 
38 TONKA DEUEL 2C 138-868 2 25 28 2 1 5  8 
78 TONKA MARSHALL AP 888-889 38 72 .7 688 1 6  
78 TONKA MARSHALL E 189-81 8 8 .1 28 1 85 6 
78 TONKA MARSHALL BT1 8 1 8-823 • 37 28 265 6 
78 TONKA MARSHALL BT2 823-e.a • 38 1 8  1 98 3 
78 TONKA MARsHALL c ...... 68 2 38 1 8  2 1 8  6 
94 TONKA DAY AP ee&-e86 1 8  87 39 728 1 
1 2 2  
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PROFI LE SER I ES �TY HOR JZON DEPTH NUTRI ENTS (e.G/KG ) 
( IN) N BRAY B ICARB K s 
p p 
94 TONKA DAY A eH-81 1 5 1 88  68 548 8 
84 TONKA DAY E 81 1 -8 1 7  2 S3 43 375 1 
84 Toto�< A DAY BT1 817-821 1 4 1  26 578 1 
94 TONKA DAY BT2 821-833 1 27 1 7  688 1 
84 TONKA DAY BT3 833-842 1 23 . 1 9  465 1 
94 TONKA DAY C1 842-85 1 1 22 28 448 1 
94 TONkA DAY 2C2 851-868 2 1 :  1 4  248 1 
9 DOVRAY - GRANT AP eee-ee9 3 38 2 1  425 .. 
9 DOVRAY GRANT A 889-82 1 2 4 2 288 5 
9 DOVRAY GRANT BG1 821-829 1 1 8 1 88 3 
9 DOVRAY GRANT BG2 829-841 2 1 1 1 85 .. 
9 DOVRAY GRANT II< M1-854 2 8 2 1 38 1 
9 DOVRAY GRANT c 154-868 2 8 1 1 35 8 
56 DOVRAY ROBERTS A1 �87 3 8 5 1 98 7 
56 DOVRAY ROBERTS A2 187-822 4 s 3 1 78 28 
56 DOVRAY ROBERTS BWG 1  822-831 .. 3 2 1 85 1 88 
56 DOVRAY ROBERTS BWG2 831-848 4 3 2 1 58 1 88  
56 DOVRAY ROBERTS BCG 848-85 1 .. 3 2 1 55 1 88 
56 DOVRAY ROBERTS CG 851-868 4 2 3 1 28 1 88 
88 DOVRAY WARSHALL AP 888-887 6 1 9  1 1  758 3 
88 DOVRAY �SHALL A1  887-8 1 8  4 5 3 465 3 
88 DOVRAY �SHALL A2 818-822 .. 4 .. 375 8 
88 DOVRAY MARSHALL BKG 822-832 4 7 5 388 3 1  
88 DOVRAY MARSHALL CG 832-868 4 2 7 278 93 
1 1 2 DOVRAY GRANT A1 888-81 5  3 5 3 355 67 
1 1 2 DOVRAY GRANT A2 815-828 2 3 2 358 54 
1 1 2 DOVRAY GRANT BTG 1 821-838 2 4 - 3 385 46 
1 1 2 DOVRAY GRANT BTG2 838-845 2 1 1  9 ' 395 35 
1 1 2 DOVRAY GRANT CG 845-868 1 1 6  1 4  338 41  
1 8  PEEVER GRANT AP ee&-e89 7 6 3 2 1 5 8 
1 8  PEEVER GRANT BT 1 18&-e 1 3  2 2 8 1 45 • 
1 8  PEEVER GRANT BT2 -81 3-8 1 7  2 1 8 1 45 8 
1 8  PEEVER GRANT BTK 8 1 7-831 2 8 1 1 68 5 
18  PEEVER GRANT BK 831-842 2 8 3 228 1 88 
1 8  PEEVER GRANT c 842-868 2 1 3 295 1 88 
34 PEEVER DEUEL AP 888-887 1 1  1 2  9 485 1 
34 PEEVER DEUEL BT 1 887-81 5 2 1 2 388 8 
34 PEEVER DEUEL BT2 81 5-825 2 1 2 225 38 
34 PEEVER DEUEL BC 825-834 3 8 1 2 1 8  1 88 
34 PEEVER DEUEL c 834-868 4 1 2 1 95 1 88 
58 PEEVER ROBERTS AP 888-887 43 25 1 6  668 3 
58 PEEVER ROBERTS BT1 887-812  28 9 6 278 7 
58 PEEVER ROBERTS BT2 81 2-828 8 2 2 1 98 8 
58 PEEVER ROBERTS BK1 821-832 1 2  2 1 1 85 1 6  
58 PEEVER ROBERTS BK2 832-839 1 8  1 1 1 68 38 
5tt PEEVER ROBERTS BK3 839-e49 25 1 e 1 65 42 
58 PEEVER ROBERTS c 84&-e68 31 1 8 1 78 37 
83 PEEVER MARSHALL AP eee-e8a 1 8  35 23 388 8 
83 PEEVER MARSHALL BT1 888-81 4  9 1 4  1 1  238 1 
83 PEEVER MARSHALL BT2 8 14-817 5 3 3 285 8 
83 PEEVER MARSHALL BK1 81 7-824 5 � 2 288 8 
83 PEEVER MARSHALL 81<2 824-838 3 1 2 1 45 5 
83 PEEVER MARSHALL c 836-868 6 • 1 1 38 3 1  
1 1  F<R.tAN GRANT AP 888-886 4 8 5 388 8 
1 1  FORMAN GRANT BT 886-e1 6  2 1 2 1 28 1 
1 1  FORMAN GRANT BK 1 81 6-e23 2 8 2 1 25 5 
) 
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APPEND I X  TABLE A .  SOIL NUTRI ENT LEVELS (RAW DATA) . 
PROFI LE SER I ES COUNTY HORIZON DEPTH NUTR I ENTS (t.tG/I<G) 
· ( I N) N BRAY B ICARB K s 
p p 
1 1  fORMAN GRANT BK2 823-834 2 8 1 1 85 • 
1 1  FORMAN GRANT c 834-868 3 8 1 1 1 8 6 
28 FORMAN COO INGTON AP eee-e84 1 2  38 1 8  1 95 8 
26 FORMAN COO INGTON BT 884-81 8  5 1 1 1 38 4 
26 FORt.tAN COOINGTON BTK 818-826 4 1 1 1 28 5 
26 FORMAN COOI NGT"N BK 826-844 2 1 8 1 85 8 
28 FORMAN COOINGTON c 84W-868 2 1 8 1 28 • 
33 · FORUAN DEUEL AP 888 888 1 8  9 a 225 4 
33 FORMAN DEUEL BT 1  888-81 4  6 3 2 225 3 
33 fORMAN DEUEL BT2 8 1+-82 1  3 1 2 285 8 
33 fORMAN DEUEL 81<1 821 -828 3 8 2 228 9 
33 FORMAN DEUEL BK2 826-836 2 8 2 1 75 9 
33 f<WAAN DEUEL c 836-868 3 1 2 1 75 25 
51  FORMAN ROBERTS AP eee-886 2 1 3 248 5 
5 1  FORUAN ROBERTS BT 1  886-81 8  1 1 2 95 3 
51  FORMAN . ROBERTS BT2 8 1 8-8 1 9  1 8 2 1 68 8 
5 1  FORMAN ROBERTS BK 81 9-829 1 1 2 98 2 
5 1  FORMAN ROBERTS C1  829-846 1 1 2 75 8 
51 FORMAN ROBERTS C2 846-868 1 1 1 98 1 8  
77 FORMAN MARSHALL A 888-888 5 3 3 1 48 1 
77 FORMAN MARSHALL BT1 888-81 3  3 3 2 1 88 1 
77 FORMAN MARSHALL BT2 813-828 1 2 2 1 88 1 
77 fORMAN MARSHALL 81< 828-831 1 2 1 85 1 
77 FORMAN MARSHALL c 831-868 1 2 8 88. 2 
1 2  MSTAO GRANT AP 88&-886 a 24 1 4 288 3 
1 2  . MSTAO GRANT A 886-81 1 4 7 5 1 75 2 
1 2  MSTAO GRANT AS 81 1-81 7 1 3 2 1 35 8 
1 2  MSTAO GRANT BW 8 1 7-829 1 • 3 1 45 8 
1 2  MSTAO GRANT BK 829-838 3 1 2 98 8 
1 2 MSTAO GRANT c 838-868 3 1 2 1 1 5 • 
55 MSTAO ROBERTS AP 888-888 a 2 2 1 88 8 
55 MSTAO ROBERTS · A 888-81 2 5 1 2 85 3 
55 MSTAO ROBERTS BW1 1 1 2-8 1 8  3 1 2 98 3 
55 MSTAO ROBERTS BW2 11 8-838 1 1 3 1 88 2 
55 MSTAO ROBERTS BK 138-836 1 1 1 88 a 
55 MSTAO ROBERTS C1  836-849 2 2 1 85 7 
55 MSTAO ROBERTS C2 149-868 2 1 1 95 28 
82 MSTAO WARSHALL A1  888-81 8 • 2 3 85 1 
82 MSTAO WARSHALL A2 818-81 5 3 2 2 75 1 
82 MSTAO WARSHALL BW 815-825 1 2 1 85 ·1 
82 MSTAO .MARSHALL BC 125-828 1 1 1 85 1 
82 MSTAO WARSHALL C1  128-831 2 2 2 75 1 
82 MSTAO MARSHALL C2 131-844 2 1 1 85 1 
82 MSTAO WARSHALL C3 844-868 1 1 1 78 1 
. 93 MSTAO DAY AP 888-88  21  9 7 1 85 2 
93 MSTAD DAY A 88&-e1 4  1 1  2 3 1 28 8 
93 MSTAD DAY BW 81 +-835 4 1 2 1 38 8 
93 MSTAD DAY 81( 835-844 6 1 2 98 2 
93 MSTAD DAY c 844-868 5 1 1 1 88 2 
1 3  VALLERS GRANT A1 888-887 6 8 a 1 58 2 
1 3  VALLERS GRANT A2 887-8 1 5  3 8 2 1 38 2 
1 3 VALLERS GRANT 81( 81 5-821 2 8 2 1 58 2 
13  VALLERS GRANT BKG 82 1-e32 1 1 1 1 1 8 8 
1 3  VALLERS GRANT CG1 832-841 1 8 1 1 1 8  1 
1 3  VALLERS GRANT CG2 141-e68 1 1 1 1 1 5 8 
29 VALLERS DEUEL A1  888-887 2 2 5 1 85 1 
) 
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PROFI LE SER I ES COUNTY HORIZON DEPTH NUTRI ENTS (WG/I<G) 
( IN) N BRAY BICARB I< s 
p p 
29 VALLERS DEUEL A2 887-e1 3 1 8 3 98 1 
29 VALLERS DEUEL BI<G1 8 13-e28 1 8 2 95 1 
29 VALLERS DEUEL 8KG2 821-e33 1 8 2 1 85 1 
29 VALLERS DEUEL CG 833-068 1 1 . 2 95 1 
48 VALLERS ROBERTS AP eee-e86 3 1 7 2 1 5 1 88 
48 VALLERS ROBERTS A 886-81 1 3 1 s 1 75 1 88 
48 VALLERS ROBERTS 8KG1 81 1-e28 2 1 . 3 1 38 1 88 
48 VALLERS ROBERTS BKG2 821-e28 1 2 2 1 58 1 88 
48 VALLERS · ROBERTS CG1 828-e38 2 2 2 1 55 1 H  
48 VALLERS ROBERTS CG2 838-e68 2 1 2 1 58 1 88 
72 VALLERS MARSHALL AP eee-ee8 1 3  2 s 1 28 26 
72 VALLERS MARSHALL BK 1  H8-e1 2 3 2 2 1 1 8 5 1  
72 VALLERS MARSHALL BK2 8 1 2�1 8  3 2 1 1 1 5 46 
72 VALLERS MARSHALL c 81 8-e68 3 2 1 1 98 78 
1 4  BUSE GRANT A 888-887 88 1 7  1 3  1 785 4 
1 4  BUSE GRANT BK 1  ee1-e1 2  4 8 2 1 88 2 
1 4  BUSE GRANT BK2 81 2-e24 1 4  • 8 1 1 5 2 
1 4  BUSE GRANT c 824-e68 2 1 8 1 25 2 
25 BUSE COOI NGTON A 888-085 2 4 3 1 38 5 
25 BUSE COOI NGTON 81<1 885-81 2  1 8 1 1 25 s 
25 BUSE COOI NGTON 81<2 81 2-e 1 7  1 8 • 1 88 6 
25 BUSE COO I NGTON c 11 7-888 1 8 • 1 1 8 .. 
35 BUSE DEUEL A 888-e89 9 2 2 1 28 5 
35 BUSE DEUEL 8K1 889-822 1 2 2 58 3 
35 BUSE DEUEL 81<2 122-e38 1 3 2 88 1 
35 BUSE DEUEL c 838-e68 1 1 1 75 2 
44 BUSE BROOK I NGS AP 888-e84 28 1 2 1 1 5 s 
44 BUSE BROOK I NGS 81< 1  884-e28 2 1 1 78 5 
44 BUSE BROOK I NGS 81<2 821-e32 2 1 8 88 5 
44 BUSE BROOK I NGS c 832-888 3 1 8 85 4 
54 BUSE ROBERTS A 888-88  3 3 4 1 55 5 
54 BUSE ROBERTS BK 888-e28 2 2 2 1 35 1 
54 BUSE ROBERTS C1  828-e36 2 2 2 1 85 1 
54 BUSE ROBERTS C2 836-868 2 1 2 1 1 8 6 
74 BUSE MARSHALL A 888-884 8 3 .. 31 8 2 
74 BUSE MARSHALL AS 884-888 8 3 3 385 1 
74 BUSE MARSHALL 8K 888-e21 3 1 2 1 78 8 
74 BUSE MARSHALL c 821-868 2 2 1 88 1 
1 5  BROOK I NGS GRANT AP eee-e87 7 24 1 5  1 85 3 
1 5  BROOK INGS GRANT A 887-8 1 2  2 8 3 95 1 
1 5  BROOK INGS 'GRANT BW1 8 1 2-8 1 7  1 3 2 1 28 1 
1 5  BROOK I NGS GRANT BW2 81 7-825 2 3 2 1 1 5 1 
1 5  BROOKI NGS GRANT 281<1 125-833 1 8 1 1 85 1 
1 5  BROOK I NGS GRANT 28K2 833-052 2 8 8 1 85 8 
15  BROOK I NGS GRANT 2C 852-868 2 1 8 1 38 8 
28 BROOK INGS COO INGTON AP 88e-e86 7 1 2  8 2 1 5  3 
28 BROOK INGS COO INGTON A 88H1 3  2 3 2 1 48  5 
28 BROOK I NGS COO INGTON BW1 8 1 3-0 1 8  1 2 2 1 48 3 
28 BROOK I NGS COOI NGTON BW2 81 &-e25 2 2 2 1 25 6 
28 BROOK INGS COOI NGTON 28K 1 825-829 2 5 5 1 1 5 4 
28 BROOK INGS COO INGTON 28K2 829-848 2 8 2 1 1 8 4 
28 BROOK INGS COOI NGTON 2C 848-868 2 • 1 1 88 6 
45 BROOK INGS BROOK I NGS AP 888-887 7 9 s 1 45 3 
45 BROOK INGS BROOK I NGS A 887-81 3  5 5 3 1 58 4 
45 BROOK INGS BROOK I NGS BW 813-023 8 " 2 8 1 68 5 
45 BROOK INGS BROOK I NGS 8K 823-e48 1 1  1 1 1 25 ... 
) 
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APPENDIX TABLE A .  SOI L NUTR I ENT  LEVELS (RAW DATA) . 
PROFI LE SERI ES COUNTY HORIZON DEPTH NUTRI ENTS . (�/KG ) ( IN) N BRAY B ICARB K s 
p p 
4S BROOK I NGS BROOK I NGS 2C 848-868 9 1 1 1 28 4 
91  BROOK I NGS DAY AP tee-ee8 7 9 s 1 4S e 
9 1  BROOK I NGS DAY A 888-8 1 3 s 2 1 1 88 e . 91 BROOK I NGS DAY BW1 8 1 3-82 1  3 1 "2 88 e 
G 1  BROOKI NGS DAY BW2 821 -e27 2 1 1 78 e 
91  BROOKI NGS DAY 2BK 827-e3S 2 1 e 75 e . 
9 1  BROOKI NGS DAY 2C e3s-e6e 4 1 2 1 38 1 
96 BROOKI NGS ...:xlOY AP 88&-et9 1 1 7  1 3  2 1 5  1 
96 BROOKI NGS MOODY A 889-81 3  2 3 J 1 25 2 
96 MOOKI NGS .olDY BW1 81 3-822 2 2 2 1 25 1 
96 BROOKI NGS YJODY BW2 122-e3e 2 1 2 1 1 5 1 
96 BROOK I NGS ...:xlOY BK 83&-e38 2 1 1 1 2S 1 
96 BROOK I NGS ...:xx>Y 2C 838-868 2 1 1 1 St 2 
1 6  BARNES GRANT A 88&-et5 8 7 s 445 e 
1 8  BARNES GRANT BW ees-e1 3  2 1 2 95 5 
1 6  BARNES GRANT BK 81 3-828 2 1 1 1 88 7 
1 6  BARNES GRANT c 828-868 1 e 1 85 7 
62 BARNES ROBERTS A 88e-e84 3 3 2 98 s 
62 BARNES ROBERTS BW1 884-889 2 2 1 55 2 
82 BARNES ROBERTS BW2 889-81 7 1 1 1 68 1 
62 BARNES ROBERTS BK 817-e27 2 1 1 58 1 
62 BARNES ROBERTS c 827-e68 1 1 8 85 1 
92 BARNES DAY A tee-e86 9 2 2 1 4S 2 
92 BARNES DAY BW 886-81 3 J 1 2 •  85 1 
92 BARNES DAY BK 81 3-832 2 1 1 7S 1 
92 BARNES DAY c 832-e68 2 8 1 1 1'8 1 
99 BARNES HAMLIN A 88&-e85 36' 4 5 355 1 8  
99 BARNES HAMLIN BW 885-e1 8 8 1 2 1 55 2 
99 BARNES HAMLI N  BK 81 &-e29 3 1 1 1 85 8 
99 BARNES HAMLI N  C 1  829-e38 4 8 3 1 1 5 1 
99 BARNES HAMLIN C2 838-868 3 2 1 1 28 s 
18 1  BARNES GRANT A eet-ee6 9 2 3 1 88 1 
18 1  BARNES GRANT BW 886-e1 7  1 1 2 1 88 1 
18 1  BARNES GRANT C1  81 7-827 1 8 1 98 1 
18 1  BARNES GRANT C2 827-868 1 1 1 98 1 
1 7  VI ENNA GRANT AP 888-887 9 1 2  8 1 85 3 
1 7  VI ENNA GRANT A ee1-e1 e  3 1 3 1 88 1 
1 7  VI ENNA GRANT BW1 8 1&-e15 2 1 2 1 88 5 
1 7  V I ENNA GRANT 2BW2 81 5-e28 2 1 2 85 5 
1 7  VI ENNA GRANT 2BK1 82&-e28 2 8 1 85 5 
1 7  VI ENNA GRANT 2BK2 828-836 1 8 1 1 40 7 
1 7  VI ENNA GRANT 2C 836-868 1 1 1 1 88 8 
23 VI ENNA COD I NGTON AP eee-e06 9 1 3  6 288 4 
23 V I ENNA COD INGTON A 886-889 5 9 5 1 45 1 
23 VI ENNA COO I NGTON BW1 889-e1 7  3 3 2 1 28 5 
23 VI ENNA COO I NGTON 2BW2 81 7-023 3 1 2 1 1 8 5 
23 V I ENNA COD I NGTON 2BK 823-829 2 8 1 95 1 
23 VI ENNA COO INGTON 2C 829-e68 5 8 8 95 -2 
47 VI ENNA BROOK I NGS AP 888-889 4 28 1 8  365 1 
47 VI ENNA BROOK I NGS A 889-e1 5  2 5 4 240 1 
47 VI ENNA BROOK I NGS BW 815-e21 2 3 2 21 8 1 
47 VI ENNA BROOK I NGS 281<1 . 821-034 2 8 2 1 98 1 
47 VI ENNA BROOK I NGS 2BK2 834-e47 3 8 2 1 98 1 
98 VI ENNA HAMLI N  AP 888-887 1 9  1 6  1 8  1 85 9 
98 VI ENNA HAMLI N  BW1 887-81 4 8 5 3 1 40 6 
98 VI ENNA HAMLI N  BW2 8 1 4-0 1 8  3 3 2 1 38 5 
) 
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APPENDI X  TABLE A .  SO I L  NUTRI ENT LEVELS (RAW .DATAL 
PROF I LE SERI ES COUNTY HOR I ZON DEPTH NUTRI ENTS (�/KG ) 
( IN) .N BRAY BICARB K s 
p p 
98 VIENNA 1-WALI N  28K 818-831 3 3 2 1 85 8 
98 VIENNA 1-WALJN 2C 131-868 4 2 2 1 85 29 
1 8 FORDVI LLE GRANT AP ee&-e87 2 1 3  6 1 1 8 7 
1 8  FORDVI LLE GRANT BW1 887-8 1 3  2 4 2 1 88 8 
1 8  FORDVI LLE GRANT BW2 11 3-81 7  1 2 2 1 88 4 
1 8  FORD"I LLE GRANT BC 11 7-824 1 1 2 1 1 8 1 
1 8  FORDVI LLE GRANT 2C1 824-828 2 5 . 2 55 1 
1 8 ' FORDVI LLE GRANT 2C2 128-868 1 3 1 38 2 
28 FORDVI LLE COO INGTON AP 888-886 1 5  1 8  7 1 78 8 
28 FORDVI LLE COO JNGTON BW1 H&-e1 2 2 1 2 365 2 
28 FORDVI LLE COOINGTON BW2 81 2-8 1 7  3 1 2 1 28 2 
28 FORDVI LLE COO I NGTON BC 8 1 7-424 4 3 2 98 2 
28 FORDVI LLE COOI NGTON 2C1 824-827 2 4 2 45 2 
28 FORDVI LLE COO INGTON 2C2 827-868 3 3 2 48 2 
32 FORDVI LLE DEUEL AP eee-ee6 28 2 1 9 1 25 5 
32 FORDVI LLE DEUEL A H&-e1 2  8 1 8  4 95 4 
32 FORDVI LLE DEUEL 8W1 8 1 2-8 1 8  3 3 2 88 2 
32 FORDVI LLE DEUEL BW2 8 1&-e25 4 3 2 78 2 
32 FORDVI LLE DEUEL BC 825-833 3 2 2 1 85 1 
32 FORDVI LLE DEUEL 2C1 833-838 2 3 2 48 8 
32 FORDVI LLE DEUEL 2C2 838-868 1 4 2 38 8 
53 FORDVI LLE ROBERTS AP HCIH)86 4 5 3 1 48 1 
53 FORDVI LLE ROBERTS A H6-819 3 4 2 78 4 
53 FCRDVI LLE . ROBERTS BW1 889-e1 7 2 5 3 68 1 
53 FORDVI LLE ROBERTS BW2 1 1 7-822 2 3 2 85 1 
53 FORDVI LLE . ROBERTS 2C1 122-826 2 1 8  6 58 8 
53 FORDVI LLE ROBERTS 2C2 126-868 2 5 3 45 8 
78 FORDV I LLE WARSHALL AP 888-887 6 4 3 75 1 
78 FORDVI LLE WAR SHALL BW1 887-411  2 4 3 85 1 
78 FORDVI LLE WARSHALL BW2 8 1 8-81 7  1 3 2 78 1 
78 FORDVI LLE WARSHALL BC 81 7-822 1 2 2 68 1 
78 FORDVI LLE MARSHALL C1  '822-825 1 2 2 55 1 
78 FORDVI LLE MARSHALL 2C2 825-868 2 2 1 45 1 
1 9  D IV I DE GRANT AP 888-887 5 7 5 1 28 7 
19  D IV I DE GRANT BK H7-819 2 1 1 75 8 
1 9  D I V I DE GRANT C 1  81 9-823 1 8 8 75 5 
1 9  D IV I DE GRANT 2C2 823-838 1 1 1 58 5 
1 9  D IV IDE GRANT 2C3 838-861 5 1 1 58 3 
65 D I V I DE ROBERTS A1  888-886 81  6 4 95 8 
65 D IV IDE ROBERTS A2 H&-e1 2  25 3 2 85 1 
65 D IV IDE ·ROBERTS BK 81 2-822 1 7  1 2 48 8 
65 D IV I DE ROBERTS 2C1 822-832 5 2 1 1 5  8 
65 DIVIDE ROBERTS 2C2 832-468 2 1 2 28 8 
84 D IV IDE MARSHALL AP He-887 5 1 5 245 1 
84 D I VI DE MARSHALL A 887-81 8 5 1 3 225 1 
84 D I VI DE WARSHALL BK 1  8 18-81 7 2 8 2 1 25 1 
84 D IV I DE WARSHALL BK2 8 1 7..:..e38 2 8 1 1 85 1 
84 D IVIDE a.tARSHALL 2C1 838-836 2 1 1 1 88 1 
84 DIVIDE a.tARSHALL 2C2 836-e68 4 8 2 98 1 
185 D IVIDE HAMLIN AP 88fiH)84 1 3  2 3 2 1 8 1 
115 D IV IDE HAMLIN A 884-889 1 3  8 3 1 95 1 
185 D I V I DE HAMLIN BK 1 889-81 7 4 8 8 1 58 1 
185 D I V IDE HAML IN BK2 81 7-838 2 8 1 1 28 2 
1 15 DIV IDE HAMLIN 2C 138-868 1 1 2 58 1 
27 KRANZBURG COO lNGTON AP 888-887 8 1 1  8 228 4 
27 KRANZBURG COO INGTON AS 887-81 2 3 1 2 1 78 6 
) 
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APPEND I X  TABLE A .  SOl L NUTRI ENT LEVELS (RAW . DATA ) . 
PROFI LE SERI ES COUNTY HORIZON DEPTH NUTRI ENTS (._./KG) 
( IN) N BRAY B I CARB K s 
p p 
27 KRANZBURG CODINGTON BW 812-823 2 1 1 1 e  3 
27 KRANZBURG CODI NGTON BK 1  823-828 . 2 1 2 1 45 3 
27 KRANZBURG. COOINGTON 281<2 828-848 2 1 2 1 25 3 
27 KRANZBURG CODI NGTON 2C . 848-868 2 1 2 1 35 2 .... "•r 
41 KRANZBURG BROOK I NGS AP 888-889 1 3  7 3 1 78 8 
41 KRANZBURG BROOK I NGS BW1 889-e 1 8  5 2 1 1 48 3 
41 K�ZBURG BROOK I NGS BW2 81 8-825 5 2 • 1 38 3 
41 KRANZBURG BROOK I NGS 2BK 1 825-829 5 1 1 1 25 2 
41 KRANZBURG BROOK I NGS 2BK2 829-842 5 1 • 1 28 2 
41 KRANZBURG BROOK I NGS 2C 842-868 1 8  1 8 1 25 5 
8 1  KRANZBURG . MARSHALL AP 888-887 2 1  56 32 495 3 
8 1  KRANZBURG MARSHALL A 887-818 1 1  28 1 1  288 2 
81  KRANZBURG MARSHALL BW1 8UHU� 4 5 3 1 25 2 
8 1  KRANZBURG MARSHALL BW2 81 4-828 4 4 2 85 1 
8 1  KRANZBURG MARSHALL BK 828-826 4 3 2 75 1 
8 1  KRANZBURG t.tARSHALL 2C1 826-834 5 2 2 78 1 
8 1  KRANZBURG MARSHALL 2C2 834-868 41  1 2 1 28 1 88 
98 KRANZBURG DAY AP 888-889 25 21  1 1  1 88 1 
98 KRANZBURG DAY BW1 889-81 4  9 4 2 1 48 8 
98 KRANZBURG DAY BW2 81 4-827 7 3 3 1 28 8 
98 KRANZBURG DAY 2BK 827-839 I 1 3 1 28 8 
98 KRANZBURG DAY 2C 839-e68 1 7  1 3 1 1 8 1 
97 KRANZBURG a.«XllY AP 888-888 2 27 1 3  1 55 1 
97 KRANZBURG WOODY BW1 888-81 4· 5 4 2 . 95 8 
97 KRANZBURG a.«XllY . BW2 81 4-827 5 3 2 1 25 1 
97 KRANZBURG WOODY BK1 827-835 3 1 2 1 15 1 
97 KRANZBURG a.«XllY 2BK2 835-839 3 ·  1 2 1 48 1 
97 KRANZBURG a.«XllY 2C 839-e68 2 1 2 1 68 1 
39 L.N.OJRE DEUEL A1 888-81 8  3 1 2 1 1 5 1 2  
39 �E DEUEL A2 81 8-833 2 1 8 1 1 8 1 8  
39 LAWURE DEUEL CG1 833-845 1 1 8 1 25 1 8  
39 LAWURE DEUEL CG2 845-868 1 1 8 1 58 9 
46 LAWURE BROOK INGS AP eee-e08 9 33 28 1 35 2 
46 LAWURE BROOK I NGS A 888-8 1 7  8 9 9 1 38 2 
46 LAWURE BROOK INGS BWG 81 7-828 5 1 4 1 48 2 
46 LAWURE BROOK INGS CG1 828-837 5 1 3 1 45 2 
46 L.N.OJRE BROOK INGS CG2 837-868 9 1 3 1 25 3 
69 t.AWOURE ROBERTS AP 888-886 6 1 5 368 1 6  
69 LAWURE ROBERTS A 886-81 8  8 1 6 398 1 8  
69 LAWURE ROBERTS SWG1 81 8-8 1 6  7 1 3 388 1 5  
69 L.AWURE ROBERTS BWG2 81 6-821 6 1 2 2 1 5  1 8  
69 L.AMOURE ROBERTS ABU 821-827 4 1 2 275 36 
69 LAWURE ROBERTS CG 1  827-838 2 1 1 1 55 34 
69 t.AWOURE ROBERTS CG2 838-868 2 2 1 21 8 48 
1 08 LAWURE BROOK I NGS A1  808-889 4 1 2  1 4  1 80 2 
1 88 L.AMOURE BROOK I NGS A2 809-818  2 2 3 1 88 1 8  
1 08 LAWURE BROOK I NGS BW1 81 8-e28 2 1 1 90 1 4  
1 08 LAWURE BROOK I NGS BW2 828-839 2 1 1 75 1 7  
1 88 L.AMOURE BROOK I NGS BK 839-858 1 1 1 75 26 
1 08 LAWURE BROOK I NGS ABU 858-857 1 5 6 1 85 36 
31 S I NA I  DEUEL AP 808-808 6 3 3 488 3 
31 S I NAI  DEUEL BW1 808-81 3 2 1 2 335 3 
31  S I NA I  DEUEL BW2 81 3-81 9 2 1 2 365 2 
31  S I NAI DEUEL BC 81 9-825 2 1 2 265 2 
31 S INA I  DEUEL C1  825-034 3 1 2 275 3 
31 S I NA I  DEUEL C2 834-860 4 1 1 235 6 
) 
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APPDI>I X  TABLE A .  SOI L NUTRI ENT LEVELS (RAW DATA) . 
PROFI LE SERI ES COUNTY HOR I ZON DEPTH NUTR I ENTS (e.G/KG) ( IN)  N BRAY BICARB I( s 
p p 
48 S INAI BROOK INGS AP 88&-ee8 24 8 5 8 1 8 6 
48 SINAI BROOK I NGS A 88�1 1 8 4 2 3 1 5  3 
48 S INA I  BROOK I NGS BW1 81 1 -8 1 5  2 3 2 1 55 5 
48 SINAl BROOK INGS 8W2 81 5-822 2 2 2 1 1 5 6 
48 SINAl BROOK INGS BK 1  822-825 2 3 2 88 7 
48 S INAI  BROOK INGS 8K2 825-8.15 2 1 3 95 1 4  
48 SINAI BROOK I NGS c 835-868 1 1 e 88 45 
66 S INAI ROBERTS AP eee-ee6 1 5  9 8 368 2 
66 SINAl ROBERTS BW1 886-8 1 1 1 5  9 7 3 1 5 2 
66 SINAl · ROBERTS BW2 81 1-81 7 6 2 2 248 2 
66 SINAl ROBERTS 8K 81 7-833 5 1 2 21 8 2 
66 S INAI ROBERTS C 1  833-844 1 2  1 1 1 75 2 
66 SINAI ROBERTS C2 844-868 1 7  2 1 1 75 3 
71 S INAI MARSHALL AP eee-ee8 4 7 6 1 98 2 
71 SINAI MARSHALL BW 88� 1 9  3 2 2 1 35 1 
71 S INAI MARSHALL 81< 1  8 1 9-828 2 2 1 1 1 5 4 
71 S INAI MARSHALL 81<2 828-058 2 1 • 1 45 36 
71 S INAl  t.fARSHALL c 858-868 5 1 2 1 65 1 88 
49 HAMAR ROBERTS AP eee-ee8 4 67 35 1 48 8 
49 HAMAR ROBERTS A eee-e 1 5  2 28 1 3  1 28 8 
49 HAMAR ROBERTS AC 8 1 5-821 1 7 4 1 1 8 e 
49 HAMAR ROBERTS CG 1  821 -834 1 8 7 95 e 
49 HAMAR ROBERTS CG2 834-868 1 9 7 1 1 8 e 
61  HAMAR ROBERTS AP eee-ee8 1 1  1 5  8 1 85 46 
61 HAMAR ROBERTS A 88H1 6  6 2 2 78 26 
61 HAMAR ROBERTS AC 81 6-822 6 2 1 78 24 . 
61 HAMAR RoBERTS CG 1  822-831 5 2 1 68 1 8  
61 HAMAR ROBERTS CG2 831 -868 2 3 1 55 5 
76 HAMAR MARSHALL A1 888-81 6 1 2 1 68 1 
76 HAMAR MARSHALL A2 81 6-823 1 3 1 58 8 
76 HAMAR MARSHALL CG1 823-828 1 2 1 58 e 
76 HAMAR MARSHALL CG2 - 82�48 2 2 1 75 e 
76 HN.tAR MARSHALL CG2 848-868 2 3 2 55 e 
87 HN.tAR MARSHALL AP 888-888 5 1 88 54 398 4 
87 HAWAR MARSHALL A 88� 1 5  3 1 4  1 8  238 85 
87 HN.tAR MARSHALL AC 81 5-828 5 1 2  9 248 95 
87 HAUAR MARSHALL CG1 828-043 7 1 4  5 1 48 3 
87 HAMAR MARSHALL CG2 843-868 4 1 2  4 . 1 75 3 
68 HECLA ROBERTS AP 888-887 6 58 28 1 48 1 
68 HECLA ROBERTS A 887-821 7 28 1 1  95 2 
68 HECLA · ROBERTS AC 821-832 4 5 2 65 1 
68 HECLA ROBERTS C1  832-843 4 3 3 65 8 
68 HECLA ROBERTS C2 843-868 5 3 3 55 5 
64 HECLA ROBERTS AP 88&-889 4 35 1 5  1 1 5 8 
64 HECLA ROBERTS A 889-8 1 4  1 4 3 68 1 
64 HECLA ROBERTS AC 81 4-828 1 4 2 65 1 
64 HECLA ROBERTS C1  828-837 1 5 2 68 8 
64 HECLA ROBERTS C2 837-848 1 1 1  3 78 1 
64 HECLA ROBERTS C3 848-068 1 3 2 45 1 
75 HECLA MARSHALL AP 88&-e89 1 3  1 8  7 1 55 1 
75 HECLA MARSHALL A 889-827 4 1 3  5 1 1 8 1 
75 HECLA MARSHALL AC 827-835 2 1 8  4 85 1 
75 HECLA MARSHALL c 835-868 2 8 3 95 1 
86 HECLA MARSHALL AP 888-888 1 5  43 24 465 1 
86 HECLA MARSHALL A 888-81 9 7 3 1  22 325 1 
86 HECLA MARSHALL AC 81 9-832 2 7 7 1 25 1 
) 
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PROF I LE SERI ES COUNTY HOR I ZON DEPTH NUTR I ENTS (MG/I<G) 
( I N) N BRAY B I CARB k s 
p p 
86 HECLA MARSHALL C 1  832-848 1 a 3 1 25 1 
86 HECLA MARSHALL C2 848-868 7 1 2 95 1 
24 WAUBAY COOINGTON AP eee-ee6 21 7 5 445 1 
24 WAUBAY COOINGTON A 186-81 3  9 1 - 2 238 1 
24 WAUBAY COOI NGTON BW1 8 1 3-8 1 7  6 1 2 1 88 8 
24 WAUBAY COO INGTON BW2 81 7-824 3 2 2 1 55 1 
24 WAUBAY COOINGTON BK 1  124-833 2 • 1 1 35 2 
24 WAUBAY COOINGTON BK2 833-845 2 • 8 1 28 2 
24 WAUBAY COOI NGTON c 845-868 2 8 1 1 48 I 
37 WAUBAY DEUEL A 1  eee-e 1 8  2 2 3 228 1 
37 WAUBAY DEUEL A2 81 1Ht1 6 1 1 2 1 95 1 
37 WAUBAY DEUEL BW 11 6-826 1 1 1 1 95 1 
37 WAUBAY DEUEL 81< 1 81 6-832 1 1 1 1 88 2 
37 WAUBAY DEUEL BK2 832-839 1 1 • 1 58 2 
37 WAUBAY DEUEL c 839-868 1 1 2 1 65 1 2  
57 WAUBAY ROBERTS AP ee&-ee7. 5 28 1 2  225 1 
57 WAUBAY ROBERTS A 887-81 2 3 8 4 1 38 5 
57 WAUBAY ROBERTS BW1 81 2-8 1 8  2 1 1 88 3 
57 WAUBAY ROBERTS BW2 81 8-824 3 1 1 88 6 
57 WAUBAY ROBERTS BK 824-832 3 1 1 78 5 
57 WAUBAY ROBERTS C1  832-e47 3 2 1 1 88 1 8  
57 WAUBAY ROBERTS C2 847-868 2 2 1 1 85 1 88 
85 WAUBAY MARSHALL AP ee&-e86 1 9  28 1 4  688 1 
85 WAUBAY MARSHALL A . 188-81 3 1 2  3 3 1 88 1 
85 WAUBAY MARSHALL BW1 8 1 3-8 1 8  3 1 2 1 65 8 
85 WAUBAY . MARSHALL BW2 81 8-828 5 1 2 1 68 8 
· as WAUBAY MARSHALL BK 828-842 9 1 1 1 1 8 8 
85 WAUBAY MARSHALL c 842-868 1 6  . 1 2 1 1 8 1 
1 86 WAUBAY HAML IN AP 888-887 3 6 3 248 1 
1 86 WAUBAY HAML IN A 887-e1 2 4 4 3 1 88 1 
1 86 WAUBAY HAML I N  BW 81 2-e 1 8  3 2 1 288 1 
1 86 WAUBAY HAML I N  81<1 81 8-826 2 8 1 1 65 1 
1 86 WAUBAY HAWL IN BK2 826-e35 2 1 1 1 78 1 
1 86 WAUBAY HAML I N  C 1  835-844 2 1 1 1 65 1 
1 86 WAUBAY HAMLI N  C2 84+-868 2 1 8 1 65 1 
) 
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1 88 EGELAND 
1 88 EGELAND 
1 88 EGELAND 
1 88 EGELAND 
1 88 EGELAND 
1 88 EGELAND 
1 83 EGELAND 
1 83 EGELAND 
1 83 EGELAND 
1 83 EGELAND 
1 8.3 EGELAND 
1 8.3 EGELAND 


















.3 ESTELL I NE 
3 ESTELLI NE 
. 3 ESTELLI NE 
3 ESTELLINE 
22 ESTELL INE 
22 ESTELL I NE 
22 ESTELL I NE 
22 ESTELLI NE 
22 ESTELLI NE 
22 ESTELLI NE 
43 ESTELLI NE 
43 ESTELL I,NE 
4.3 ESTELLINE 
43 ESTELLI NE 
43 ESTELLI NE 
TABLE 8 .  OW. PH .  CAC03 , EC , AND SAR RAW DATA . 
COUNTY HOR IZON DEPTH a.t __ _ _  PH CAC03 EC 
( IN . ) (X) (X) (..u«)S/CM) 
GRANT AP eee-ee8 1 . 35 8 . 8  8 8 . 325 
GRANT AS 888-41 3 1 . 1  8 . 2  8 8 . 325 
GRANT BW1 81 J-e38 8 . 35 8 . 4  8 e .  1 3  
GRANT BW2 838-835 8 . 85 8 . 6  8 . 25 8 . 25 
GRANT BK 835-848 8 . 1 7 . 4  4 . 75 8 . 325 
GRANT c 848-868 8 . 85 7 . 5  1 2 . 67 8 . 29 
COO INGTON AP 888-889 1 . 35 8 8 8 . 21 
COD INGTON BW1 889-8 1 4  8 . 1 5  6 . 1 8 8 . e5 
COOINGTON BW2 8 1 4-826 8 . 85 8 . 7  8 8 . 85 
COO INGTON BC 826-832 8 . 2  7 . 4  2 . 56 8 . 73 
CODINGTON . 2C1 832-838 8 . 25 7 . 6  1 4 . 88 8 . 21 
CODING TON 2C2 838-e68 8 . 3  7 . 8  2 1 . 22 8 . 1 7  
GRANT AP ee&-e87 1 . 6 6 8 8 . 25 
GRANT BW1 887-815 8 . 45 6 . 1 8 8 . 1 1  
GRANT BW2 8 1 5-827 8 . 1 6 . 3  8 8 . 1 65 
GRANT 9C 827-835 8 . 85 6 . 3  8 8 . 665 
GRANT C1  83S-848 8 7 . 5  9 . 83 8 . 33 
GRANT 2C2 848-868 8 . 2  7 . 8  1 4 . 8  8 . 65 
tw.tL I N  AP 888-887 2 . 1 6 . 6  8 8 . 1 75 
tw.tL IN A 887-818  1 . 4 6 . 7  8 8 . 1 5  
tw.tLI N  BW 1  8 1 8-8 1 9  1 .  1 5  8 . 7  8 8 . 1 2  
tw.tLI N  BW2 81 9-825 8 . 5  8 . 8  8 . 37 8 . 1 8  
tw.tLI N  9C 825-837 8 . 25 7 . 2  1 . 58 8 . 1 75 
tw.tLI N  C1  837-852 8 . 2 7 . ... 1 2  8 . 1 75 
tw.tLIN C2 . 852-868 8 . 85 7 . 5  1 2 . 1 5  8 . 1 75 
GRANT AP 888-887 8 . 9  7 . 1 8 . 34 8 . 3  
GRANT AS 887-8 1 4  8 . 75 7 . 2  8 . 4  8 . 25 
GRANT BW 814-82 ... 8 . 35 7 . 2  8 . 4  8 . 1 
GRANT BC 824-846 8 . 1 .7 . 3  2 . 3  8 . 2  ... 
GRANT c 846-888 8 . 1 7 . 4  9 . 82 8 . 22 
BROOK I NGS AP 8e&-ee8 3 . 4  5 . 6  . 8 8 . 875 
BROOK I NGS 8W 888-821 1 . 55 8 . 6  8 8 . 85 
BROOK I NGS C1 821-8-t-8 8 . 1 6 . 8  8 . 4  8 . 84 
BROOK I NGS C2 848-868 8 . 1 7 . 4  2 . 96 8 . 65 
MARSHALL A 888-81 2  1 .  7 6 . 1 . 8 . 37 8 . 325 
MARSHALL AC 81 2-815 8 . 5  8 . 9  8 . 87 8 . 1 25 
MARSHALL C1 81 5-838 8 . 35 7 . 4  25 . 7  8 . 1 25 
MARSHALL C2 838-868 8 . ... 7 . ... 23 . 28 8 . 1 25 
WOOOY AP 888 888 2 . 3  6 8 8 . 25 
..xx>Y 8W 888-81 4 1 . 5 5 . 8  8 8 . 1 
MOODY C1  81 4-826 8 . 7  5 . 8  8 . 24 8 . 1 
..aoov C2 826-868 8 . 1 5  6 8 . 3 1 8 . 1 5  
GRANT AP 88&-88  3 .  7 7 . 2  8 8 . 61 5  
GRANT AS 888-81 4 2 . 85 7 . 3  8 8 . 37 
GRANT 8W 81 4-824 8 . 75 7 . 5  8 . 64 8 . 225 
GRANT 2C 824-868 8 . 85 7 . 5  1 9 . 86 8 . 34 
COO I NGTON AP 88&-886 5 .  7 5 . 8  8 8 . 31 
COO INGTON BW1 886-81 7 2 . 35 6 . 8  8 8 . 1 45 
COO INGTON BW2 81 7-827 1 . 6 7 . 5  8 . 78 8 . 55 
COO INGTON BK 1  827-834 8 . 45 7 . 5  1 7 . 1 3  1 . 1 25 
COO INGTON 81<2 834-837 8 . 25 7 . 6  1 8 . 69 1 . 8 1  
COO INGTON 2C 837-868 8 . 85 7 . 5  1 5 . 28 1 . 84 
BROOK I NGS AP 88&-889 4 . 9  5 . 5  8 8 . 1 
BROOK I NGS BW1 889-81 7 2 5 . 8  8 8 . 1 7  
BROOK INGS BW2 81 7-838 8 . 8  6 . 2  8 . 88 8 . 24 
BRooK I NGS BK 83&-e45 8 . 75 7 . 4  1 5 . 83 •.. 7 1 5  
BROOK I NGS 2C 1 845-858 8 . 1 7 . 7  1 4 . 1 7  8 . 275 
1 3 0  
SAR 
8 . 73 
8 . 67 
8 . 68 
8 . 74 
8 . 67 
8 . 72 
8 . 41 
8 . 3  
8 . 5 1 
8 . 34 
8 . ... 6 
8 . 5  
. . ...... 
8 . 9 1 
8 . 92 
8 . 62 
1 .  2 1  
4 . 89 
8 . 63 
8 . 82 
8 . 93 
1 . 1 ... 
8 . 87 
8 . 81 
8 . 97 
"" 
8 . 38 
8 . 4  
8 . 47 
8 . 43 
8 . 55 
8 . 23 
8 . 33 
8 . 28 
8 . 25 
8 . 1 9 
8 . 1 6  
8 . 3 1  
8 . 25 
8 . 58 
8 . 55 
8 . 68 
1 . 87 
8 . 2  
8 . 32 
8 . 39 
8 . 52 
1 . 27 
8 . 6  ... 
1 . 6 ... 
4 . 93 
1 . 4 1  
8 . 85 
8 . 24 
8 . 57 
8 . .35 































































APPEN>IX TABLE 8 .  OW ,  PH . CAC03 .  EC , AND SAR RAW DATA . 
SER I ES COUNTY HOR I ZON DEPTH ow PH CAC03 EC 
( IN . ) · (X) (X) (..u«>S/CM) 
ESTELL I NE BROOK INGS 2C2 858-868 8 . 1 7 . 7  1 8 . 6  8 . 25 
ESTELLI NE MARSHALL AP ee&-e86 3 . 3  7 . 3  8 8 . 425 
ESTELLI NE MARSHALL A 88&-e88 3 . 2  7 . 5  8 8 . 4  
ESTELLI NE MARSHALL BW1 888-81 6  2 . 4  7 . 5  8 8 . 5  
ESTELLI NE MARSHALL BW2 81 &-e28 1 .  7 7 . 8  8 . 55 8 . 375 
ESTELLI NE MARSHALL 81< 828-838 8 . 6  8 25 . 39 8 . 25 
ESTELLINE MARSHALL 2C 838-868 8 . 85 8 . 1 22 . 43 8 . 36 
PO
.
I NSETT GRANT AP ee&-ee8 3 . 3  8 . 1 8 8 . 32 
POINSETT GRANT AS 888-8 1 2  1 .  7 6 . 8  8 8 . 26 
POINSETT GRANT 8W . 812-8 1 9  8 . 75 7 . 1 8 . 23 8 . 27 
POINSETT GRANT 81< 81 9-827 8 . 35 7 . 8  23 . 1 2 8 . 41 5  
POINSETT GRANT C1  827-858 8 . 2  7 . 9  23 . 67 8 . 4  
POINSETT GRANT C2 858-868 8 . 35 8 . 1 1 7 . 73 8 . 4  
PO INSETT DEUEL AP 888-887 5 . 1 6 . 3  8 8 . 1 45 
POINSETT DEUEL A 887-8 1 8  4 . 8  6 . 4  8 8 . 1 25 
POINSETT DEUEL 8W1 8 1 8-81 4 2 . 7  8 . 8  8 8 . 875 
POINSETT DEUEL BW2 81 4-825 1 . 8 7 . 2  8 . 23 8 . 1 
POINSETT DEUEL 81< 1 825-838 8 . 9  7 . 5  1 2  8 . 25 
POINSETT DEUEL 81<2 838-842 8 . 45 7 . 5  1 8 . 71 8 . 5  
POI NSETT DEUEL c 842-888 8 . 3  7 . 8  1 8 . 85 2 . 25 
POINSETT ROBERTS AP eee-e86 4 . 8  8 . 2  8 8 . 1 75 
POINSETT ROBERTS 8W1 886-889 4 . 8  6 . 3  8 8 . 21 
POINSETT ROBERTS 8W2 889-81 6  2 . 1 8 . 8  8 8 . 1 5 
PO I NSETT ROBERTS BW3 81 6-821 1 . 5 7 . 4  8 . 1 5  8 . 31 
POINSETT ROBERTS SK1 · 821.-825 1 . 1 8 . 2  22 . 58 8 . 29 
POINSETT ROBERTS 81<2 825-832 8 . 7  8 . 2  23 . 1 4 8 . 3  
POI NSETT ROBERTS c ·  832-868 8 . 35 8 . 2  25 . 8 1 8 . 49 
POINSETT HAWL I N  AP 88e-e89 5 . 4  6 . 6  8 8 . 2  
POI NSETT HAWLI N  BW1 889-81 5  4 . 5  . 7 . 1  8 8 . 1 
POI NSETT HAWLI N  BW2 81 5-821 2 . 2  7 8 8 . 1 5  
PO INSETT HAWL IN BW3 821 -827 1 . 6 7 . 1 8 . 1 8  8 . 3  
POI NSETT HAWL IN 81< 1  &27-841 8 .  6 7 . 4  2 1 . 69 8 . 425 
PO I NSETT HAWLI N  81<2 841-846 8 . 55 7 . 6  1 9 . 79 8 . 375 
POI NSETT HAWLI N  2C 846-868 8 . 4 7 . 5  1 9 . 31 8 . 4  
LADELLE GRANT AP 888-886 3 . 5  6 . 8  3 . 76 2 
LADELLE GRANT A 88&-e1 8  2 . 35 7 . 3  8 . 1 8 . 87 
LADELLE GRANT C 1  81 8-836 1 . 4 7 . 4  1 2 . 46 1 . 47 
LADELLE GRANT C2 836-868 1 . 1 5  7 . 6  1 5 . 26 1 . 29 
LADELLE DEUEL AP ee&-e88 1 8 . 2  7 . 6  1 . 96 8 . 7 1 
LADELLE DEUEL A 888-8 1 7  8 . 4  7 . 8  2 . 2  1 . 1 55 
l.ADELLE DEUEL BW 81 7-826 3 7 . 6  8 . 43 8 . 45 
l.ADELLE DEUEL 81< 826-834 1 . 2 7 . 8  25 . 1 7 8 . 455 
LADELLE DEUEL ABU 834-845 8 . 55 7 . 9  1 6  1 . 85 
LADELLE DEUEL c 845-868 8 . 8  7 . 9  1 6 . 35 1 . 35 
LADELLE ROBERTS AP eee-e87 6 . 4  8 . 1 4 . 75 8 . 625 
LADELLE ROBERTS A 887-81 6 5 . 2  8 . 1 4 . 98 8 . 6 1 
l.ADELLE ROBERTS BW 81 6-835 3 . 2  8 . 1 9 . 1 9 8 . 325 
L.ADELLE ROBERTS ABU 835-843 3 . 5  8 . 2  8· . 39 8 . 6  
l.ADELLE ROBERTS c 843-e68 2 . 4  8 . 3  7 . 6  8 . 975 
LADELLE GRANT AP 88e-ee8 4 . 6  7 . 1 8 8 . 325 
LADELLE GRANT A 888-828 4 . 1 7 . 5  1 . 1 1  8 . 1 8  
LADELLE GRANT C1  828-838 1 . 2 7 . 3  1 9  8 . 25 
LADELLE GRANT C2 838-868 1 .  7 7 . 4  1 4 . 5� 8 . 32 
HEIMOAL GRANT AP eee-eea 1 . 6 7 . 6  8 8 . 41 
HE IWAL GRANT AS eea-e·, 2 1 . 8 7 . 4  8 . 88 8 . 3 1 
HE IWAL GRANT BW 81 2-822 8 . 7  7 . 7  1 . 82 8 . 55 
HEI MOAL GRANT 8K 822-833 8 . 2  7 . 9  22 . 52 8 . 58 
1 3 1  
SAR 
8 . 59 
8 . 46 
8 . 67 
8 . 8  
8 . 27 
8 . 38 
8 . 54 
8 . 3 1 
8 . 32 
8 . 42 
8 . 38 
8 . 4  
8 . 7  
8 . 1 9  
8 . 2 1 
8 . 23 
8 . 29 
8 . 33 
8 . 43 
8 . 3 1  
8 . 46 
8 . 62 
8 . 48  
8 . 43 
8 . 43 
8 . 47 
8 . 55 
8 . 69 
8 . 79 
8 . 87 
8 . 67 
8 . 59 
8 . 8 1 
8 . 94 
8 . 1 6  
8 . 24 
8 . 41 
8 . 47 
8 . 85 
8 . 1 5  
8 . 32 . 
8 . 48  
8 . 43 
8 . 45 
8 . 5  
8 . 72 
8 . 4  
8 . 47 
8 . 64 
1 . 82 
8 . 99 
1 . 32 
1 
8 . 26 
8 . 24 
8 . 24 
e . "33 
) 
1 3 2  
APPEND I X  TABLE 8 .  ow .  PH .  CAC03 . EC . AND SAR RAW DATA . 
PROfi LE  SERI ES COUNTY HOR I ZON DEPTH ow PH CACOJ EC SAR 
( IN . ) (X) (X) (YIH>S/CM) 
6 HEI �AL GRANT c 833-868 8 . 8s 8 28 . 2S 8 . 27 8 . 42 
67 HE I �AL ROBERTS AP eee-eea 2 . 3  8 8 8 . 37S 8 . 3S 
67 HE I�AL ROBERTS A 888-81 1  1 . 6 7 . 7  8 8 . 32S 8 . 38 
67 HEILC>Al ROBERTS 8W 81 1 -8 1 7  1 . 1 7 . 9  8 . 39 8 . 25 8 . 41 
67 HE I �AL ROBERTS 8K 81 7-823 8 . 4S 8 . 1 29 . 29 8 . 35 8 . 53 
67 HEUAOAL ROBERTS C1  82�3S 8 . 3S 8 . 1 34 . S2 8 . 345 8 . 74 
67 HE I �AL ROBERTS C2 835-846 8 . 2  8 26 . S7 8 . 3  1 . 1 7 
67 HE.I�AL ROBERTS C3 8.e-e68 8 . 85 8 . 1 2S . 54 8 . 26 1 .  72 
68 HE I �AL ROBERTS AP 8e&-ee6 6 . 2  7 . 3  8 8 . 26 8 . 26 
68 HE I�AL ROBERTS BW1 886-81 1 2 . 7  7 . 4  8 8 . 1 6  8 . 38 
68 HE I�AL ROBERTS BW2 81 1 -8 1 8  1 .  75 7 . 4  8 . 24 8 . 2  8 . 48  
68 HE I �AL ROBERTS 81< 8 1 8-83 1  8 . 6  7 . 6  3S . 51 8 . 26 8 . 45 
68 HE I�AL ROBERTS c 831-868 8 . 2  7 . 9  48 . 56 8 . 275 8 . 73 
1 1 1  HEI �AL GRANT AP 888-887 3 . 6  7 . 2  8 8 . 45 8 . S4 
1 1 1  HE I�AL GRANT BW1 887-8 1 7  8 . 9  7 . 1 8 8 . 1 75 8 . 74 
1 1 1  HE UAOAL GRANT BW2 81 7-826 8 . 4  7 . 1  8 . 1 6  8 . 1 6  8 . 85 
1 1 1  HE I �AL GRANT 8K 826-837 8 . 55 7 . 6  1 8 . 88 8 . 4  8 . 73 
1 1 1  HE I �AL GRANT c 837-868 8 . 8s 7 . 3  1 1 . 84 1 .  75 8 . 62 
7 S I SSETON GRANT A eee-ee7 1 .  7 7 . 7  28 . 34 8 . 37 8 . 22 
7 SISSETON GRANT 81< 1  887-8 1 7  8 . 1 5  7 . 9  25 . 85 8 . 4  8 . 22 
7 S ISSETON GRANT 81<2 8 1 7-835 8 . 85 8 24 . 86 8 . 27 8 . 3  
7 SISSETON GRANT c 835-868 8 . 2  7 . 7  21 . 65 8 . 28 8 . 49 
52 S ISSETON ROBERTS AP 888-88  2 . 6  7 . 6  1 8 . 69 8 . 9S 8 . 1 5  
52 S ISSETON ROBERTS BK1 888-81 8  8 . 8  7 . 9  38 . 86 8 . 3S 8 . 26 
52 S I SSETON ROBERTS 81<2 81 8-836 8 .· 1  8 . 1 23 . 1 4 8 . 425 8 . 3s 
52 SISSETON ROBERTS c 836-868 8 . 1 8 23 . 43 8 . 65 8 . 4  
63 SISSETON ROBERTS A 888-886 8 8 . 1 1 5 . 94 8 . 6S 8 . 1 4  
63 S ISSETON ROBERTS BK1 886-81 4 3 8 . 1 32 . 24 8 . 425 8 . 1 
63 S ISSETON ROBERTS 81<2 81 4-423 1 . 1 8 31 . 87 8 . 3s 8 . 26 
63 S ISSETON ROBERTS C 1  82�34 8 . 45 8 28 . 66 8 . 325 8 . 27 
63 SISSETON ROBERTS C2 834-468 8 . 1 8 26 . 35 8 . 25 8 . 4  
1 1 8 S ISSETON GRANT AP 888-885 6 . 2  7 . 3  4 . 75 1 . 25 8 . 1 7  
1 1 8 S I SSETON GRANT 81< 1  e85-e1 9  2 7 . 4  1 4 . 73 8 . 525 8 . 3 1 
1 1 8 S I SSETON GRANT 81<2 81 9-833 8 . 55 7 . 7  1 9 . 31 8 . 275 8 . 64 
1 1 8 S I SSETON GRANT c 833-868 8 . 1 7 . 6  1 2 . 83 8 . 85 8 . 74 
8 TONKA GRANT AP ee&-e86 5 . 1 7 . 5  8 8 . 8 1 8 . 1 5 
8 TONKA GRANT A 888-8 1 8 4 . 8  7 . 3  8 8 . 5 1 8 . 28 
8 TONKA GRANT E 81&-823 2 7 . 3  8 8 . 34 8 . 23 
8 TONKA GRANT BT1 823-831 8 . 7  6 . 4  8 8 . 1 4  8 . 4S 
8 TONKA GRANT BT2 831-842 8 . 55 6 . 3  8 8 . 1 5  8 . 34 
8 TONKA GRANT BC 842-858 I .  45 8 . 7  8 . 56 8 . 2  8 . 35 
8 TONKA · GRANT c 85&-868 8 . 25 7 . 8  5 . 6  8 . 255 8 . 28 
38 TONKA DEUEL AP 888-887 6 4 . 7  8 8 . " 1 6  8 . 61 
38 TONKA DEUEL A 887-8 1 2 5 . 5  4 . 8  8 8 . 1 4  1 . 86 
38 TON<A DEUEL E 81 2-8 1 8  4 . 3  4 . 8  8 8 . 1 45 8 . 59 
38 TONKA DEUEL BT 1 81 8-826 8 . 7  6 . 1 8 8 . 1 7  8 . 5  
38 TONKA DEUEL BT2 82�38 8 . 6  5 . 7  8 . 3  8 . 1 45 8 . 52 
38 TONKA DEUEL 2C 838-868 8 . 35 7 . 2  9 . 58 8 . 25 8 . 41 
78 TONKA WARSHALL AP 88&-889 5 . 7  7 . 8  8 8 . 95 8 . 1 6  
78 TONKA WARSHALL E 889-8 1 8  5 .  7 7 8 8 . 4  8 . 24 
78 TONKA WARSHALL BT1 818-e23 2 . 7  7 8 8 . 2  8 . 24 
78 TONKA WARSHALL 8T2 823-848 1 . 35 6 . 9  8 8 . 325 8 . 32 
78 TONKA WARSHALL c 848-e68 8 . 25 6 . 9  8 8 . 2  8 . 32 
94 TONKA DAY AP 888-886 4 . 1 7 . 2  8 · 8 . 54 8 . 2  
94 TONKA DAY A 88�1 1 4 . 4  7 . 2  8 8 . 35 8 . 29 
94 TONKA DAY E 81 1-81 7 1 .  35 6 . 5  8 8 . 25 8 . 63 
94 TONKA DAY BT1 81 7-82 1 8 . 85 6 . 2  8 8 . 2  8 . 82 
1 3 3  
APPENCI I X  TA8L£ 8 .  OW .  PH .  CAC03 , !C . AHD $Aft RAW DATA . 
PROF I LE SERI ES COUNTY HOR I ZON DEPTH a.t PH CAC03 EC SAR 
( IN . ) (X) (X) (.......OS/CM) 
94 TONKA DAY BT2 821-833 e . 7s s . a  • 8 . 1 7S 8 . 62 
94 TONKA DAY BTJ 833-8-42 8 . S  5 . 9  8 8 . 2  1 
94 TONKA DAY C1  842-85 1 8 . 4  6 . 7  8 . 78 8 . 3  8 . 98 
94 TONKA DAY 2C2 851-468 8 . 2  7 2 . 79 8 . 45 1 . 85 
9 DOVRAY GRANT AP 8ee-ee9 4 . 1 8 . 4  8 · 8 . 255 8 . 24 
9 DOVRAY GRANT A 889-821 2 .  35 6 . 5  8 8 . 25 8 . 55 
9 DOVRAY GRANT BG 1  821-429 1 . 35 6 . 4  8 8 255 8 . 46 
9 DOVRAY GRANT BG2 829-841 1 . 1  7 . 1 · 8 . 95 8 . 6  8 . 48  
9 DOVRAY GRANT BK 841-854 8 . 45 7 . ... 1 3 . 88 8 . 9  8 . ...... 
9 DOVRAY GRANT c 85 ....... 68 8 . 1 7 . 8  1 "'- . 88 8 . 51 8 . 8  
56 DOVRAY ROBERTS A1  eee-ee7 7 . 5  7 . 3  8 8 . 475 1 . 82 
56 DOVRAY ROBERTS A2 887-422 5 . 2  7 . 8  8 . 87 8 . 85 7 . ... 3 
56 DOVRAY ROBERTS BWG1 822-43 1 2 . �5 7 . 9  2 . 1 2  9 . 8  1 3 . 08 
56 DOVRAY ROBERTS BWG2 031-448 1 . 8 8 7 . 99 1 1 . 7 1 3 . 5 1  
56 DOVRAY ROBERTS BCG 04&-e5 1 1 . 2  8 9 . 34 1 8  1 2 . 5"'-
56 DOVRAY ROBERTS CG 051-468 8 . 5  7 . 9  1 "'- . 68 6 . 8  6 . 94 
88 DOVRAY YARSHALL AP 888-887 4 7 . 8  8 8 . 575 8 . 46 
88 DOVRAY YARSHALL A1  887-4 1 8  2 . 3  7 . 9  8 0 . 4  1 . 1 9 
88 DOVRAY YARSHALL A2 81 8-822 1 . 75 7 . 7  8 . 5  ... 0 . 55 3 . 03 
88 DOVRAY YARSHALL BKG 822-432 1 . 1 7 . 6  2 . 1 8  8 . 925 1 . 69 
88 DOVRAY UARSHALL CG 032-468 8 . 85 7 . 7  ... . 2 3 . 4  2 . 66 
1 1 2 DOVRAY GRANT A1  888-4 1 5  4 . 9  7 . 3  8 3 8 . 1 9  
1 1 2 DOVRAY GRANT A2 81 5-428 2 . 7  7 . 4  8 2 8 . 22 
1 1 2 DOVRAY GRANT BTG1 828-438 1 . 6 7 . 4  8 1 . 6 8 . 35 
1 1 2 DOVRAY GRANT BTG2 838-445 1 . 4 7 . 5  • 1 . 5 . . ... 1 
1 1 2 DOVRAY GRANT CG 845-468 8 . 75 7 . 5  . 3 .  1 "'- 1 . 875 8 . 62 
1 8  PEEVER GRANT AP 888-889 · 2 . 8 8 . 4  8 8 . 38 8 . 89 
1 8  PEEVER GRANT BT 1 88Q-81 3  1 . 5 6 . 2  8 8 . 225 1 . 85 
18  PEEVER GRANT BT2 813-81 7 •.  9 7 . 3  1 .  7 1  8 . 63 1 . 26 
1 8  PEEVER GRANT BTK 8 17-431 8 . 35 7 . 9  23 . 75 1 . 8 1 5  7 . 26 
1 8  PEEVER GRANT BK 831 -442 8 . 3  7 . 9  24 . 22 5 . 4  1 8 . 24 
1 0  PEEVER GRANT c 842-668 8 . 2  7 . 8  1 8  . ... 1 9 . 5  1 8 . 63 
34 PEEVER DEUEL AP 888-407 3 . 8  5 . 8  8 8 . 2  8 . 28 
34 PEEVER DEUEL BT l 887-6 1 5  2 6 . 6  8 8 . 22 8 . 69 
34 PEEVER DEUEL BT2 8 15-425 8 . 8  7 . 8  8 . 3 1 2 . 6  1 . 2 
34 PEEVER DEUEL BC 825-834 8 . 3  7 . 8  5 . 3  5 . 2  ... . 63 
34 PEEVER DEUEL c 83+-868 8 . 2  7 . 9  1 4 . 78 8 . 3  1 1 . 32 
58 PEEVER ROBERTS AP 88&-887 7 . 3  5 . 3  8 8 . 1 9 8 . 56 
58 PEEVER ROBERTS BT1 887-81 2 5 . 5  5 . 8  8 8 . 475 8 . 58 
58 PEEVER ROBERTS BT2 81 2-828 2 . ... 6 . 8  8 . 1 6  8 . 2  8 . 59 
58 PEEVER ROBERTS BK 1  828-832 1 . 6 7 . 6  1 8 . 4  8 . 525 8 . 57 
58 PEEVER ROBERTS BK2 832-839 8 . 5  7 . 8  1 8 . 84 8 . 7  1 . 54 
58 PEEVER ROBERTS BK3 839-849 8 . 5  7 . 9  28 . 27 8 . 825 2 . 48 
58 PEEVER ROBERTS c 849-668 8 . 25 8 1 9 . 78 1 5 . 39 
83 PEEVER MARSHALL AP 88&-888 5 . 1 7 . 8  8 8 . 75 8 . 34 
83 PEEVER UARSHALL  BT 1 888-81 4  4 . 6  7 . 5  8 8 . 6  8 . 4  
83 PEEVER UARSHALL BT2 81 .-et7 3 . 2  7 . 7  8 . 3 1 8 . 4  8 . 83 
83 PEEVER UARSHALL BK1 8 17-824 1 .  8 7 . 6  2 . 22 0 . 4 8 . 4  
83 PEEVER t.tARSHALL BK2 e2.-e3e 1 . 3 7 . 6  5 . 87 0 . 625 8 . 49 
83 PEEVER t.tARSHALL c 838-868 8 . 55 7 . 9  1 2  1 . 5 8 . 74 
1 1  FORMAN GRANT AP 88&-886 3 . 2  6 . 9  8 8 . 65 8 . 39 
1 1  FORMAN GRANT BT 886-81 6 1 6 . 5  8 . 31 8 . 47 8 . 33 
1 1  FORMAN GRANT BK 1  81 6-823 8 . 55 7 . 3  1 4 . 33 8 . 84 8 . 31 
1 1  FORMAN GRANT BK2 823-834 8. 35 7 . 7  25 . 39 · 8 . 35 8 . 36 
1 1  FORUAN GRANT c 834-868 8 . 1 7 . 9  28 . 1  8 . ... 65 8 . 59 
26 FORMAN COO INGTON AP ee&-e84 4 . 9  6 . 3  8 .  H S  8 . 24 8 . 3  
26 FORMAN COO INGTON BT ee.-e 18 1 . 5 6 . 9  3 . 6 1 1 . 1 1 5 e . l 6  
1 3 4  
APPDI>IX TABLE 8 .  a.t .  PH . CAC03 . EC • . AHO SAR RAW OA'fA . 
PROFI LE SERI ES COUNTY HOR I ZON DEPTH OM PH CACOJ EC SAR 
( IN. ) (X) (X) (t&tiOS/CU) 
26 FORUAN COO INGTON BTK 81 8-826 8 . 8 7 . 8  29 . 8  8 . 34 8 . 41 
26 FORUAN COO INGTON BK 826-844 8 . 2  7 . 2  36 . S8 8 . 74 8 . 1 9  
26 FORWAN COO INGTON c 84+-868 8 . 8S 7 . 7  29 . 81 8 . 41 8 . 79 
33 F'ORt.tAN DEUEL AP 888-888· 4 . 9  5 . 6  8 8 . 24 8 . 81  
33 FORUAN DEUEL BT 1 888-8 1 4  2 . 9  6 . 3  8 8 . 28 8 . 74 
33 F'ORt.tAN DEUEL BT2 8 1 -t-821 1 . 4 8 . 9  1 . 66 8 . 38 8 . 54 
33 FORUAN DEUEL BK1 821-828 1 . 2 7 . S  1 6 . 51 8 . 67 8 . 62 
33 FORMAN DEUEL BK2 826-836 8 . 3  7 . 7  23 . 27 8 . 46 1 . 1 9 
33 FORUAN DEUEL c 836-888 8 . 25 7 . 8  25 . 33 8 . 6  1 . 99 
51  FORUAN ROBERTS AP 888-886 6 . 6  6 . 7  8 8 . 4  8 . 2  
5 1  F'ORUAN ROBERTS BTl 886-8 1 8  4 . 3  6 . 7  8 8 . 23 8 . 1 9  
5 1 FORMAN ROBERTS BT2 8 18-819 1 . 75 8 . 7  8 . 1 6  8 . 1 75 8 . 34 
51 FORMAN ROBERTS BK 81 9-829 8 . 95 7 . 6 . 22 . 27 8 . 3  8 . 29 
5 1 FORMAN ROBERTS C 1  829-846 8 . 35 7 . 8  24 . 85 8 . 2  8 . 47 
51 FORUAN ROBERTS C2 846-868 8 . 4  7 . 9  22 . 64 8 . 26 8 . 64 
77 FORUAN MARSHALL A 888-888 7 . s  7 8 8 . 25 8 . 31 
77 FORMAN MARSHALL BTl 888-81 3 5 . 1 6 . 9  8 8 . 2  8 . 42 
77 FORMAN MARSHALL BT2 81 3-828 2 . 3  8 . 7  8 . 63 8 . 325 8 . 41 
77 FORUAN MARSHALL 8K 828-831 8 . 95 7 . 7  1 9 . 47 8 . 325 8 . 42 
77 FORUAN MARSHALL c 831-888 8 . 25 8 23 . 98 8 . 325 8 . 7  
1 2  MSTAO GRANT AP 888-886 3 . 9  8 . 9  8 8 . 43 8 . 25 
12  MSTAD GRANT A 886-81 1 3 . 5  8 . 7  8 8 . 275 8 . 1 9  
1 2  MSTAD GRANT AS 81 1-817  1 . 9 5 . 7  8 8 . 1 4  8 . 29 
1 2  MSTAO GRANT BW 81 7-829 1 5 . S  8 . 23 8 . 25 8 . 3 1 
1 2  MSTAO GRANT 8K 829-838 8 . 25 7 . 5  1 5 . 48 8 . 59 8 . 28· 
1 2  MSTAO GRANT c 838-868 8 . 45 7 . 6  28 . 58 8 . 35 8 . 24 
55 MSTAO ROBERTS AP 888-888 "7 . 5  6 . 2  8 8 . 1 75 8 . 37 
55 MSTAD ROBERTS A 888-8 1 2  5 . 2  8 . 2  8 8 . 1 8  8 . 32 
55 MSTAD ROBERTS BW1 812-81 8 3 . 3  6 . 2  8 8 . 1 35 8 . 47 
55 MSTAD ROBERTS BW2 81 8-838 1 . 2  6 . 4  8 . 48 8 . 1 3  8 . 57 
55 MSTAD ROBERTS 8K 838-836 8 . 6  7 . 3  1 6 . 1 8  8 . 2 1 5  8 . 72 
55 MSTAD ROBERTS C1 836-849 8 . 25 7 . 6  1 9 . 1 5  8 . 2 1 8 . 87 
55 MSTAD ROBERTS C2 849-868 8 . 1  7 . 8  1 9 . 85 8 . 1 9  8 . 8  
82 MSTAD MARSHALL A1 888-81 8  7 . 3  6 . 8  8 8 . 1 8  8 . 77 
82 MSTAO MARSHALL A2 81 6-8 1 5  4 . 8  6 . 4  8 8 . 2  8 . 78 
82 MSTAD MARSHALL BW 81 5-825 2 . 85 6 . 1 8 8 . 2  8 . 38 
82 MSTAO MARSHALL 8C 825-828 1 . 3 6 . 3  8 8 . 325 8 . 54 
82 MSTAD MARSHALL C 1  828-83 1 8 . 7  7 . 3  1 8 . 66 8 . 825 8 . 25 
82 MSTAD MARSHALL C2 831-844 8 . 4  7 . 8  1 8 . 52 8 . 275 8 . 25 
82 MSTAD MARSHALL C3 844-868 8 . 2  7 . 6  1 8 . 1 8 . 275 8 . 3  
93 MSTAD DAY AP 888-888 4 7 8 8 . 375 8 . 34 
93 MSTAO DAY A 888-81 4  2 . 5  7 . 1 8 8 . 3  8 . 38 
93 MSTAD DAY 8W 81 4-835 1 . 6 7 . 3  8 . 24 8 . 275 8 . 3  
93 MSTAD DAY 8K 835-844 8 . 3  7 . 7  24 . 1 4 8 . 41 8 . 38 
93 MSTAD DAY c 844-868 8 . 1 7 . 7  22 . 27 8 . 425 8 . 48 
1 3  VALLERS GRANT A1 888-887 7 7 . 4  8 . 9  8 . 8 1 8 . 2 1  
1 3  VALLERS GRANT A2 887�·1 5 4 . 3  7 . 8  1 8 . 52 8 . 53 8 . 29 
1 3  VALLERS GRANT BK 8 1 5-821 1 . 9 7 . 4  1 7 . 89 8 . 64 8 . 78 
1 3  VALLERS GRANT BKG 821�32 8 . 5  7 . 6  22 . 1 7 8 . 32 · 8 . 66 
1 3  VALLERS GRANT CG1 832�41 8 . 2  7 . 8  26 . 85 8 . 26 8 . 37 
1 3  VALLERS GRANT CG2 841�68 8 . 1 7 . 7  25 . 1 7 8 . 225 8 . 4  
29 VALLERS DEUEL A1 eee-ee7 5 . 5  7 . 4  4 . 5  1 . 875 8 . 73 
29 VALLERS DEUEL A2 887� 1 3  3 . 6  7 . 5  8 . 2  8 . 77 8 . 94 
29 VALLERS DEUEL BKG1 81 3-028 2 . 1 7 . 5  1 8 . 1 8 . 56 1 . 26 
29 VALLERS DEUEL . BKG2 826-833 1 7 . 4  1 2 . 8  8 . 35 1 . 23 
29 VALLERS DEUEL CG 833-e68 8 . 2  7 . 7  1 9 . 9  8 . 31 1 . 7 
48 VALLERS ROBERTS AP 888-886 4 . 1 7 . 8  8 . 7 1 5 . 1 5 . 97 
) 
1 3 5  
APPEND I X  TABLE B .  OM ,  PH ,  CACOJ , £C , AND � RAW OATA . 
PROFI LE SERI ES COUNTY HORIZON DEPTH ow PH CAC03 EC SAR 
( IN . ) (X) (X) (....OS/CW) 
.a VALLERS ROBERTS A H6-81 1 3 . 9  7 . 7  28 . 27 5 . 75 5 . 82 
.a VALLERS ROBERTS BKG1 8 1 1-828 1 . 8 7 . 7  28 . 57 5 . 75 8 . 75 
.a VALLERS ROBERTS BKG2 82&-e28 8 . 4  7 . 7  25 . 1 7 6 . 1 7 . 26 
48 VALLERS ROBERTS CG1 82&-e38 8 . 25 7 . 8  25 . 33 7 9 . 22 
.a VALLERS ROBERTS CG2 83&-e68 8 . 85 7 . 9  25 . 74 8 . 75 1 7 . 89 
72 VALLERS MARSHALL AP 88�8 7 . 5  7 . 8  6 . 1 1 . 35 8 . 35 
72 VALLERS MARSHALL BK1 88&-e1 2 8 . 85 7 . 9  28 . 5  2 . 3  8 . 1 8  
72 VALLERS WAR SHALL BK2 8 1 2-8 1 8  8 . 8  7 . 9  29 . 48 2 . 2  8 . 33 
72 VALLERS MARSHALL c 81 &-e68 8 . 4  7 . 9  25 . 23 3 . 4  1 . 23 
1 4  BUSE GRANT A 888-887 7 . 5  6 ._8 - 8 . 4  1 . 1 25 8 . 39 
1 4  BUS£ GflANT 81<1 887-81 2 2 . 9  7 . 4  25 . 84 8 . 84 8 . 22 
1 4  BUS£ GRANT BK2 8 1 2-824 8 . 55 7 . 5  27 . 87 8 . 7  8 . 37 
1 4  BUS£ GRANT c 824-868 8 . 1 7 . 7  28 . 56 8 . 3 1 8 . 54 
25 BUS£ COO INGTON A 888-885 1 1  . 4 7 . 1  3 . 4  1 . 1 4 8 
25 BUS£ COD INGTON BK1 885-8 1 2  4 . 4 7 . 1  26 . 1 2 8 . 74 8 . 1 1  
25 BUS£ COO I NGTON BK2 8 1 2-81 7 2 7 . 3  26 . 1 1  8 . 45 8 . 1 4  
25 BUS£ COD I NGTON c 8 1 7-868 8 . 9  7 . 4  25 . 65 8 . 34 8 . 22 
35 BUS£ DEUEL A 88�9 5 . 7  8 . 8  2 . 1 8  8 . 32 8 . 86 
35 BUS£ DEUEL - BK 1 889-822 1 . 3 7 . 4  23 . 59 8 . 22 8 . 2 1 
35 BUSE DEUEL BK2 822-838 8 . 1 5  7 . 6  28 . 71 8 . 2  8 . 3  
35 BUSE DEUEL c 83&-e68 8 7 . 7  28 . 56 8 . 2  8 . 33 
44 BUS£ BROOK I NGS AP 888-884 4 . 8  7 . 3  9 . 1 9  1 . 1 4  8 . 1 
... BUSE BROOK I NGS BK 1  884-828 1 . 35 7 . 6  23 . 52 8 . 1 5  8 . 23 
... BUS£ BROOK I NGS BK2 82&-e32 8 . 3  7 . 8  1 7 . 89 8 . 1 5  8 . 29 
... BUS£ BROOK I NGS c 832-868 8 . 1 5  7 . 9  1 5 . 89 8 . 1 65 8 . 44 
54 BUS£ ROBERTS A 888-888 1 3 . 6  6 . 9 . 8 . 77 8 . 65 8 . 1 6  
54 BUSE ROBERTS BK 888-828 2 . 4  7 . 2  22 . 8  8 . 34 8 . 26 
54 BUS£ ROBERTS C1  828-836 1 . 3 7 . 4  2 1 . 65 8 . 1 75 8 .'3 3 
54 BUSE ROBERTS C2 836-868 8 . 1 7 . 5  1 7 . 73 8 . 1 6  8 . 57 
74 BUSE MARSHALL A 888-884 9 . 4  7 . 8  8 1 . 1 25 8 . 1 9  
74 BUSE MARSHALL A8 884-888 6 . 8  7 . 8  8 . 62 8 . 9  8 . 26 
74 BUS£ UARSHALL 8K 888-821 2 . 35 7 . 8  1 5 . 88 8 . 3 1  8 . 37 
74 BUSE WAR SHALL c 821-868 8 . 45 7 . 9  2 1 . 53 8 . 26 8 . 47 
1 5  BROOK INGS GRANT AP 888-887 6 7 . 5  8 8 . 82 8 . 33 
1 5  BROOK I NGS GRANT A 887-8 1 2  4 . 9  6 . 8  8 8 . 3  8 . 29 
15  BROOK I NGS GRANT BW1 8 1 2-8 1 7  2 . 6  6 . 4  8 8 . 1 7  8 . 33 
1 5  BROOK I NGS GRANT BW2 8 1 7-825 1 7 1 . 7 1 . 58 8 . 35 
1 5  BROOK I NGS GRANT 281<1 825-833 8 . 25 7 . 4  23 . 87 8 . 44 8 . 47 
15  BROOK I NGS GRANT 28K2 833-852 8 . 2  7 . 6  22 . 32 8 . 25 8 . 45 
1 5  BROOK I NGS GRANT 2C 852-868 8 . 85 7 . 7  22 . 48 8 . 25 8 . 6  
28 BROOK I NGS COD I NGTON AP 88�6 4 . 6  6 8 8 . 23 8 . 56 
28 BROOKI NGS COO INGTON A 886-81 3  2 . 5  8 . 2  8 8 . 1 9  8 . 6 1 
28 BROOKI NGS COD I NGTON BW1 8 1 3-8 1 8  1 . 7 6 . 7  8 8 . 1 4  8 . 37 
28 BROOK I NGS COD I NGTON BW2 8 1 &-e25 8 . 8  7 8 . 76 8 . 8 1 8 . 35 
28 BROOK INGS COD I NGTON 28K 1 825-829 8 . 35 7 . 2  1 8 . 42 3 . 75 8 . 1 9  
28 BROOK INGS COO I NGTON 28K2 829-e48 8 . 1 7 . 6  23 . 6  8 . 675 8 . 49 
28 BROOK I NGS COD I NGTON 2C 848-868 8 7 . 7  26 . 44 8 . 32 8 . 8 1 
45 BROOK INGS BROOK I NGS AP 888-887 5 . 8  6 . 5  8 8 . 44 8 . 59 
45 BROOK I NGS BROOK I NGS A 887-8 1 3  4 6 . 8  8 8 . 44 8 . 73 
45 BROOK I NGS BROOK I NGS BW 8 1 3-823 2 . 85 7 . 4  8 . 7  8 . .a 8 . 8  
45 BROOK INGS BROOK I NGS BK 823-848 8 . 8  7 . 8  1 4 . 4  8 . 75 1 . 87 
45 BROOK INGS BROOK I NGS 2C 848-868 8 . 8  7 . 9  22 . 22 8 . 5  1 . 1  
9 1  BROOK INGS DAY AP 888-888 4 . 1 5 . 7  8 8 . 1 5  8 . 38 
91  BROOK I NGS DAY A 888-8 1 3  1 .  6 6 . 6  8 8 . 1 75 8 . 56 
91  BROOK I NGS DAY 8W1 8 1 3-821 1 . 55 7 8 8 . 1 5  8 . 47 
9 1  BROOK I NGS DAY BW2 821 -827 8 . 85 7 . 2  8 . 32 8 . 275 8 . 46 
91  BROOK INGS DAY 28K 827-835 8 . 2  7 . 9  1 8 . 37 8 . 3  8 . 72 
) 
. . 
1 3 6  
APPENDIX TABLE 8 .  Ot.t ,  PH ,  CAC03 , EC , · AHD SAA HAW OA TA . 
PROFI LE SER I ES · COUNTY HOR I ZON DEPTH � PH CAC03 EC SAR 
( IN . ) (X) (X) (tM«lS/CW) 
91  BROOK I NGS DAY 2C 835-888 8 . 1 8 1 2 . 72 8 . 5  2 . 81 
96 BROOKI NGS WOODY AP 888-889 4 6 . 5  8 8 . 55 1 .  71 
96 BROOKI NGS WOODY A 889-8 1 3  2 . 45 7 . 2  8 8 . 45 8 . 58 
96 BROOK I NGS WOODY BW1 81 3-822 1 . 8 7 8 8 . 4  8 . 48 
96 BROOKI NGS WOOOY BW2 822-838 8 . 55 7 . 3  1 . 82 8 . 35 8 . 39 
96 BROOK INGS WOOOY 8K 838-838 8 . 2  7 . 7  9 . 5  8 . 425 8 . 38 
96 BROOK I NGS WOOOY 2C 838-868 8 . 4  7 . 9  1 2 . 98 8 . 325 8 . 55 
1 6  BARNES GRANT . A 888-885 7 . 8  7 . 2  8 8 . 54 8 . 32 
1 6  BARNES GRANT BW 885-8 1 3  2 . 5  6 . 3  8 . 31 8 . 27 8 . 39 
1 6  BARNES GRANT BK 8 1 3-828 8 . 8  7 . 3  26 . 28 1 . 35 8 . 23 
1 6  BARNES GRANT c 828-868 8 . 85 7 . 7  24 . 5  8 . 29 8 . 62 
62 BARNES ROBERTS A 888-884 1 1  7 . 2  8 8 � 225 8 . 1 4  
62 BARNES ROBERTS BW1 884-889 5 . 2  7 8 8 . 1 8 . 36 
62 BARNES ROBERTS BW2 889-81 7 3 .  7 6 . 8  8 . 62 8 . 225 8 . 3 1 
62 BARNES ROBERTS BK 81 7-827 8 . 75 8 1 9 . 1 6 8 . 225 8 . 23 
62 BARNES ROBERTS c 827-868 8 . 95 7 . 9  1 6 . 36 8 . 225 8 . 24 
92 BARNES DAY A 888-886 7 . 3  7 8 8 . 4  8 . 33 
92 BARNES DAY BW 886-81 3  4 . 3  7 . 2  8 . 38 8 . 525 8 . 29 
92 BARNES DAY 8K 81 3-832 8 . 8  7 . 7  2 1 . 65 8 . 3 1 8 . 42 
92 BARNES DAY c 832-868 8 . 1 7 . 9  23 . 27 8 . 35 8 . 88 
99 BARNES HAUL I N  A 8e&-e85 1 1  . 4 7 . 1 8 1 . 2 8 . 89 
99 BARNES HAWL I N  BW 885-81 8 4 . 1 7 . 5  1 . 1 1  8 . 8  8 . 1 8  
99 BARNES HAUL I N  8K 8 1 8-829 8 . 75 7 . 7  35 . 84 8 . 375 8 . 32 
99 BARNES HAWLI N  C 1  829-838 8 . 2  7 . 8  34 . 36 8 . 35 8 . 68 
99 BARNES HAWLI N  C2 838-868 8 . 4  7 . 8  38 . 24 8 . 35 8 . 68 
1 81 BARNES GRANT A 888-886 6 . 6  6 . 4  .. 8 . 2 1 5  1 . 85. 
1 81 IMRNES GRANT 8W 886-81 7  2 . 1 6 . 6  8 8 . 475 8 . 62 
181  BARNES GRANT C1 8 1 7-827 1 . 2 7 . 4 1 4 . 44 8 . 3  8 . 7  
181  BARNES GRANT C2 827-868 8 . 6  7 � 5  28 . 66 8 . 23 8 . 96 
1 7  V I ENNA GRANT AP 888-887 1 1  8 . 6  e 8 . 59 8 . 37 
1 7  V I ENNA GRANT A 887-8 1 8  5 . 5  7 8 8 . 46 8 . 32 
1 7  VI ENNA GRANT BW1 8 1 8-8 1 5  3 . 2  7 . 3  8 . 34 8 . 42 8 . 45 
1 7  VI ENNA GRANT 2BW2 81 5-e28 8 . 4  7 . 3  4 . 9  1 .  76 8 . 6 1 
1 7  VI ENNA GRANT 28K 1 828-828 8 . 25 7 . 4  1 5 . 42 8 . 94 8 . 58 
1 7  V I ENNA GRANT 28K2 828-836 8 .  15  7 . 6  ' 1 7  . 9 1  8 . 76 8 . 63 
1 7  VI ENNA GRANT 2C 836-868 8 . 3  7 . 7  26 . 35 8 . 4  8 . 66 
23 V I ENNA COO INGTON AP 888-886 6 . 6  5 . 9  8 8 . 355 8 . 99 
23 VI ENNA COOINGTON A 886-889 5 . 1 6 . 4  8 8 . 245 8 . 56 
23 V I ENNA COOINGTON BW1 889-81 7 2 . 5  7 8 8 . 2  8 . 52 
23 VI ENNA COO INGTON 28W2 81 7-823 1 . 55 7 . 2  1 . 46 1 . 24 8 . 4 1 
23 V I ENNA · COO INGTON 28K 823-829 8 . 75 .7 . 6  27 . 73 1 . 875 8 . 34 
23 V I ENNA COO I NGTON 2C 829-868 8 . 35 7 . 8  38 . 87 8 . 45 8 . 59 
47 VI ENNA BROOK INGS AP 888-889. 4 . 6  6 . 4  1 . 86 8 . 39 8 . 8  
47 V I ENNA BROOK I NGS A 889-8 1 5 2 .  67 7 . 3 8 . 1 8 . 3 1 8 . 78 
47 VI ENNA BROOI< INGS BW 81 5-821 1 . 38 7 . 6  3 . 52 8 . 395 1 . 81  
47 VI ENNA BROOK I NGS 28K1 821-834 8 . 9  7 . 8  1 9 . 34 8 . 45 1 .  44 
47 V I ENNA BROOK I NGS 2BK2 834-847 8 . 37 7 . 9 28 . 1 3 8 . 41 5  1 . 2 
98 VI ENNA HAML I N  AP 888-887 3 . 7  7 .  1 8 8 . 375 8 . 49 
98 VI ENNA HAML I N  BW1 887-8 1 4  2 6 . 9  8 8 . 2  8 . 44 
98 V I ENNA HAUL I N  8W2 8 1 4-8 1 8  1 . 1 5 7 . 3  8 . 23 8 . 2  8 . 35 
98 VI ENNA HAML I N  28K 818-831 8 . 25 7 . 6  26 . 81 8 . 35 8 . 52 
98 VI ENNA HAt.tL I N  2C 831-868 8 . 1 7 . 7  29 . 2 1 8 . 675 8 . 85 
1 8  fORDV I LLE GRANT AP 888-887 4 . 6  6 . 1 8 8 . 28 8 . 55 
1 8  fORDV I LLE GRANT BW1 887-813 3 . 6  6 8 & . 1 25 8 . 57 
1 8  FORDVI LLE GRANT BW2 81 3-817 1 . 8 6 . 6  8 8 . 1 75 8 . 53 
1 8  fORDV I LLE GRANT 9C 81 7-824 1 . 1 6 . 9  8 . 47 8 . 29 8 . 56 
1 8  fORDV I LLE GRANT 2C1 824-828 8 . 45 7 . 6  1 1  8 . 325 8 . 397-
· . . 
PROFI LE 
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APPEND I X  TABLE 8 .  OW ,  PH .  CACOJ . EC . N40 SAR RAW DATA . 
SERI ES COUNTY 
FORDVI LLE GRANT 
FORDVI LLE COD INGTON 
FORDVI LLE CODINGTON 
FORDVI LLE CODINGTON 
FORDVI LLE CODI NGTON 
FORDVI LLE CODI NGTON 
FORDVI LLE COO INGTON 
FORDVI LLE DEUEL 
FORDVI LLE DEUEL 
FORDV I LLE DEUEL 
FORDVI LLE DEUEL 
FORDV I LLE DEUEL 
FORDVI LLE DEUEL 
FORDV I LLE DEUEL 
FORDV I LLE ROSERTS 
FORDVI LLE ROBERTS 
FORDVI LLE ROBERTS 
FORDVI LLE ROBERTS 
FORDVI LLE ROSERTS 
FORDVI LLE ROBERTS 
FORDVI LLE MARSHALL 
FORDVI LLE MARSHALL 
FORDVI LLE MARSHALL 
FORDVI LLE MARSHALL 
FORDVI LLE MARSHALL 
FORDVI LLE MARSHALL 













DIV IDE MARSHALL 
DIVIDE �SHALL 
DIVIDE MARSHALL · 
DIViDE HAUL IN 
D IV IDE HAUL I N  
D IV I DE HAUL I N  
D IV IDE HAUL I N  
D IV I DE HAUL I N  
KRANZBURG COO I NGTON 
KRANZBURG COD I NGTON 
KRANZBURG COD INGTON 
KRANZBURG COO INGTON 
KRANZBURG COD I NGTON 
KRANZBURG COO I NGTON 
KRANZBURG BROOK I NGS 
KRANZBURG · BROOK lNGS 
KRANZBURG BROOK INGS 
KRANZBURG BROOK INGS 
























































( IN . ) (X) 
82&-e68 8 . 85 
88&-88  5 . 7  
888-e1 2 5 . 5  
8 1 2-81 7 4 . 1 
8 1 7-824 2 . 85 
82-4-e27 8 . 3  
827-e88 8 
888-886 5 . 2  
888-e1 2 4 . 3  
81 2-8 1 8  2 . 3  
81 8-e25 1 . 35 
825-833 8 . 7  
833-83a 8 
838-e68 8 
ee&-ee6 7 . 5  
886-489 5 . 4  
889-8 1 7  3 . 3  
81 7-822 2 . 45 
822-826 8 . 85 
828-e68 8 . 55 
88&-ee7 7 . 5  
887-8 1 8  4 . 5  
81-1 7 2 . 6  
81 7-822 1 . 75 
822-825 1 . 35 
825-888 8 
888-887 5 . 4  
887-81 9 2 . 1 
81 9-823 8 . 85 
823-838 8 . 1 
8�8-868 8 
888-886 6 . 2  
88&-e1 2 2 . 6  
8 12-822 2 
822-832 8 . 25 
832-888 8 . 85 
eee-e87 3 . 3  
ee1-e1 8 2 .  45 
81 8-817 1 .  75 
81 7-838 8 . 7  
838-836 8 . 45 
83&-e68 0 . 1 
88&-ee4 6 
884-889 5 .  7 
809-81 7 2 . 3  
81 7-8.}0 8 . 6  
838-868 8 . 85 
8ee-ee7 5 . 4  
887-8 1 2  3 . 5  
81 2-82.3 1 . 55 
823-e28 8 . 7  
828-e48 8 . 35 
848-868 8 . 8  
888-889 
889-:81 8 . 45 
8 1 8-825 1 . 3 
825-829 8 . 2  
PH CAC03 EC 
(X) (.uiOS/a.t) 
8 1 1 . 2 8 . 2  
6 . 3  8 8 .. 26 
6 . 6  8 8 . 1 8  
7 8- 8 . 1 5  
7 . 1 3 . 77 " 1 . 2 
7 . 4  9 . 85 8 . 36 
7 . 3  1 3 . 24 8 . 1 a  
5 . 2  8 8 . 1 45 
5 . 4  8 8 . 1 1  
8 . 2  8 8 .  1 1  
6 . 3  8 8 . 1 5  
6 . 4  8 . 23 8 . 1 6 
7 . 4 7 . 8  8 . 2  
7 . 5  1 2 . 5 1 8 . 2  
8 . 2  8 8 . 2  
6 . 3  8 8 . 1 25 
5 . 9  8 8 . 86 
5 . 8  8 . 88 8 . 84 
7 . 1 1 . 43 8 . 22 
7 . 7  1 4 . 33 8 . 25 
6 . 8  8 8 . 45 
7 8 8 . 2  
7 . 3  8 8 . 225 
7 8 · 8 . 1 5  
7 . 2  . 1 . 57 8 . 41 
7 . 8  1 3 . 9  8 . 2  
7 . 6  4 . 51 8 . 7  
7 . 6  1 2 . 1 7  8 . 45 
7 . 5  1 4 . 32 8 . 39 
7 . 6  7 8 . 43 
7 . 6  1 3 . 42 8 . 475 
7 . 8  3 . 83 1 . 85 
7 . 9  2 . 26 8 . 55 
8 . 1 1 5 . 26 8 . 425 
7 . 7  1 6 . 35 8 . 275 
7 . 9  1 8 . 53 8 . 325 
7 . 7  4 . 38 8 . 4  
7 . 6  4 . 24 8 . •  
7 . 8  1 1 . 4 8 . 325 
8 24 . 41 8 . 325 
8 . 1 1 9 . 92 8 . 325 
8 . 1 1 1 . 58 8 . 475 
7 . 3  8 . 55 8 . 5  
7 . 4  8 . 27 8 . 475 
7 . 8  23 . 83 8 . 4  
7 . 9  23 . 2  8 . 5  
7 . 7  1 2 . 3  8 . 45 
7 . 3  8 8 . 52 
7 . 2  8 8 . 24 
7 . 7  1 . 8 1  8 . 71 
8 1 8 . 37 8 . 46 
8 1 8 . 84 8 . 48  
7 . 9  23 . 85 · e . 4 
5 . 2  8 8 . 2  
5 . 9  8 8 . 86 
7 1 .  7 1  8 . -4-75 
7 . 4  24 . 67 8 . 5  
1 3 7  
SAR 
8 . 39 
8 . 1 8  
8 . 22 
8 . 27 
8 . 1 6  
8 . 64 
8 . 33 
8 . 37 
8 . 53 
8 . 6  
8 . S�4 
8 . 92 
8 . 64 
8 . 78 
8 . 29 
8 . 25 
8 . 29 
8 . 35 
8 . 27 
8 . 28 
8 . 31 
8 . 34 
8 . 4  
8 . 5  
8 . 88 
8 . 44 
8 . 81 
1 . 1 1  
1 . 2 1  
1 . 24 
8 . 92 
8 . 65 
8 . 73 
1 . 27 
8 . 8 1 
8 . 92 
8 . 63 
8 . 33 
8 . •  1 
0 . .- 1  
8 . 54 
8 . 58 
8 . 36 
0 . 37 
0 . 82 
8 . 99 
8 . 9  
·8 . 33 
8 . 36 
8 . 45 
8 . 6  
1 . 1 9 
2 . 1 3  
8 . 23 
8 . 29 
8 . 2 1 
8 . 27 
1 3 8  
APPEND I X TABLE B .  a. I PH. CACOJ .  EC . AND SAR RAW OATA . 
PROFI LE SER I ES COUNTY HORIZON DEPTH ow PH CAC03 EC SAR 
( IN . ) (X) (X) (.....OS/a.t) 
41 KRANZBURG BROOK INGS 2SK2 829-842 8 . 2  7 . 5  25 . 81 8 . 3  8 . ..a 
41 KRANZBURG BROOK INGS 2C 842-868 8 . 25 7 . 5  26 . 4-8  8 . 45 8 . 62 
81  KRANZBURG UARSHALL AP 888-887 4 5 . 4  8 8 . 2  8 . 63 
8 1  KRANZBURG WAR SHALL A 887-e 1 8  3 . 2  5 . 9  8 8 . 1 75 8 . 7 1 
81 KRANZBURG MARSHALL BW1 818-81 4 2 . 1 7 . 1 e 8 . 2  8 . 76 
81  KRANZBURG MARSHALL BW2 81 ..-e28 1 . 7 7 . 4  8 . 3 1 8 . 2  8 . 76 
81 KRANZBURG MARSHALL BK 828-826 1 . 1 7 . 7  8 . 1 4  8 . 39 8 . 82 
81  KRANZBURG MARSHALL 2C1 826-834 8 . 45 8 . 1 1 8 . 39 8 . 45 2 . 1 8  
81  KRANZBURG MARSHALL 2C2 83..-e68 8 8 . 1 2 1 . 86 3 . 4  9 . 22 
98 KRANZBURG DAY AP ee&-ee9 4 . 3  5 . 5  8 8 . 65 8 . 42 
98 KRANZBURG DAY BW1 889-814 2 . 1  6 . 1  8 8 . 25 8 . 2  
98 KRANZBURG DAY BW2 8 1 ..-e27 1 . 3 7 . 6  8 . 62 8 . 425 8 . 24 
98 KRANZBURG DAY 2BK 827-e39 8 . 4  7 . 8  23 . 36 8 . 475 8 . 35 
98 KRANZBURG DAY 2C 839-868 8 .  1 5 7 . 9  1 5 . 89 8 . 725 1 . 89 
97 KRANZBURG WOOOY AP eee-e08 3 . 5  6 . 2  8 8 . 4  8 . 38 
97 KRANZBURG WOODY BW1 888-01 4 2 7 . 1 8 8 . 4  8 . 37 
97 KRANZBURG WOODY · BW2 81 ..-e27 8 . 95 7 . 2  8 . 55 8 . 35 8 . 38 
97 KRANZBURG WOOOY BK 1  827-835 8 . 25 7 . 7  1 5 . 4 8 . 45 8 . 56 
97 KRANZBURG WOOOY 281(2 835-839 8 . 1 7 . 8  1 1 . 69 8 . 425 8 . 59 
97 KRANZBURG WOOOY 2C . 839-860 8 7 . 9  1 2 . 46 8 . 35 8 . 6  
39 l.AWURE DEUEL A1 888-8 1 8  6 . 2  7 . 7  1 9 . 46 1 ". 28 8 . 69 
39 LAWURE DEUEL A2 818-033 3 . 4  7 . 7  21 . 86 8 . 65 8 . 44 
39 LAWUR£ DEUEL CG1 83J-e45 1 .  7 7 . 7  1 5 . 26 8 . 61 8 . 41 
39 LAMOURE DEUEL CG2 845-868 1 7 . 8  1 5 . 2.6 8 . 51 8 . 39 
46 LAMOUR£ BROOK I NGS AP 88&-888 7 . 5  7 . 7  2 . 63 8 . 75 8 . 1 5  
46 l.AWURE BROOK I NGS A 888-e1 7 6 . 2  7 . 7  7 . 1 4  8 . 7  8 . 1 5  
46 LM«>URE BROOK I NGS ewG 81 7-e28 2 . 5  7 . 6  8 . 1 4  8 . 64 8 . 1 6  
46 LAWURE BROOK I NGS CG1 828-e37 1 .  7 7 . 8  1 4 . 1 7  8 . 58 8 . 2 1 
46 LAWURE BROOK I NGS CG2 837-868 1 . 4 7 . 7  1 2 .  1 9  8 . 5  8 . 1 9  
69 LN.tOURE ROBERTS AP ee&-e06 7 . 3  7 . 8  6 . 28 8 . 6 1 8 . 64 
69 LAUOURE ROBERTS A 886-81 8 7 . 3  7 . 7  6 . 44 8 . 85 8 . 44 
69 LAWURE ROBERTS BWG1 81e-e 1 6  5 . 8  7 . 9  9 . 66 8 . 65 8 . 58 
69 LAWJRE ROBERTS BWG2 81 &-821 3 . 5  8 1 8 . 84 8 . 775 8 . 56 
69 L.At.DJRE ROBERTS ABU 821-827 2 . 4  8 1 4 . 41 1 . 1 5 8 . 6  
69 t.AUOURE ROBERTS CG 1 827-838 1 . 2 7 . 9  24 . 36 1 . 6 8 . 79 
69 t.AUOURE ROBERTS CG2 838-068 8 . 8  7 . 8  1 8 . 69 1 . 75 8 . 87 
1 88 l.AWURE BROOK I NGS A1 888-889 5 . 8  7 . 4  2 . 76 8 . 78 8 . 42 
1 08 LAUOURE BROOK I NGS A2 889-81 8  3 . 73 7 . 8  9 . 49 8 . 6 1 1 . 0 1  
1 88 l.AWURE BROOK INGS 8G 1  81 8-028 1 .  7 7 . 8  1 2 . 94 8 . 76 1 . 64 
1 88 l.AWURE BROOK I NGS 8G2 828-e39 8 . 7  7 . 7  1 1 . 55 8 . 73 1 . 1  
1 88 LAWURE BROOK I NGS CG 839-850 8 . 26 7 . 7  1 6 . 53 8 . 93 1 . 89 
1 88 �E BROOK INGS ABU 858-857 8 . 7  7 . 6  1 8 . 2 8 . 94 1 . 88 
31  S I NAI  DEUEL AP 888-e08 s 6 . 2  8 8 . 3 1 8 . 26 
3 1  S INAI  DEUEL BW1 088-e1 3 5 . 4  6 . 3  8 . 89 e .  1 1 5 8 . 3 1 
31  S INAI  DEUEL BW2 81 3-81 9 2 . 9  6 . 5  5 . 79 8 . 5  8 . 43 
31 S INAI  DEUEL BC 81 9-825 2 . 85 7 . 3  1 2 . 87 8 . 55 8 . 33 
31 S I NAI DEUEL C1  825-834 0 . 85 7 . 5  28 . 87 8 . 29 0 . 53 
31 S I NA I  DEUEL C2 834-868 8 . 5  7 . 7  23 . 29 8 . 25 8 . 8 1 
48 S INA I  BRoot< INGS AP 888-888 8 . 4  6 e 8 . 86 0 . 88 
48 S I NA I  BROOt< I NGS A 888-01 1 5 . 7  6 . 2  e 8 . 375 0 . 24 
40 S INA I  BROOK I NGS BW1 01 1 -e 1 5  2 . 7  6 . 9  8 8 . 1 9  8 . 53 
48 S I NA I  BROOK INGS 8W2 815-022 1 . 55 7 . 3  0 . 47 8 . 24 8 . 48 
40 S I NAI  BRoot< I NGS BK 1 822-825 1 7 . 8  1 9  . 8 . 52 8 . 65 
48 SINA I  BROOK I NGS 81<2 825-035 8 . 6  7 . 8  1 9 . 1 6  8 . 33 1 . 1 2 
48 SINA l  BROOK INGS c 835-860 8 . 25 5 . 8  1 9 . 1 4 8 . 665 2 . 22 
66 S INAI  ROBERTS AP ee&-086 4 . 6  7 . 7  8 8 . 5  8 . ;2� 
66 SINAI ROBERTS 8W1 886-8 1 1 4 . 3  7 . 4  8 8 . 275 8 . 32 
· . . 
1 3 9 
APPEND I X  TABLE B .  ow .  PH .  CACOJ . EC . AND SAR RAW DATA . 
PROFI LE SERI ES COUNTY HOR I ZON DEPTH OM PH CAC03 EC SAR 
( IN � ) (X) (X) (.aK>S/CM) 
66 S.I NA I  ROBERTS BW2 81 1 -8 1 7  2 . 4  7 8 . 32 8 . 2  8 . 46 
66 . S I NA I  ROBERTS 8K 8 1 7-833 1 . 2 7 . 6  1 8 . 54 8 . 3  8 . 48  
66 S I NA I  ROBERTS C1  833-844 8 . 8  · 7 . 9  25 . 1 7 8 . 4 8 . 68 
66 S I NA I  ROBERTS C2 84......e68 8 . 4  7 . 9  23 . 67 8 . 45 8 . 77 
71  S I NA I  UARSHALL � eee-e88 6 . 8  7 . 6  8 8 . 275 8 . 27 
71  S I NA I  UARSHALL BW 888-e1 9  3 . 3  7 . 5  8 . 8  8 . 2  8 . 33 
71 SINA I  UARSHALL 8K 1  8 1 9-828 2 . 1 7 . 9  1 4 . 33 8 . 25 8 . 47 
71 SINA I UARSHALL BK2 828-e58 8 . 7  8 2 1 . 37 8 . 475 2 . 84 
71  S I NA I  UARSHALL c 858-868 8 . 45 8 2 1 . 86 1 . 1  2 . 1 8 
49 HAMAR ROBERTS � 888-888 2 . 2  5 8 8 . 2 1  1 
49 HAMAR ROBERTS A 888-e 1 5  1 5 . 2  8 8 . 1 85 8 . 85 
49 HAUAR ROBERTS AC 81 5-e2 1  8 . 55 6 . 3  8 8 . 885 8 . 53 
49 HAUAR ROBERTS CG1 821 -034 8 . 85 6 . 6  8 8 . 1 8 . 76 
49 HAMAR ROBERTS CG2 834-068 8 . 1 6 . 7  8 . 31 8 . 1 65 1 . 89 
61  HAMAR ROBERTS � 888-888 2 . 5  7 . 9  8 1 . 225 8 . 3 1 
61  HAMAR ROBERTS A 888-81 6 8 . 55 8 . 2  8 8 . 675 8 . 45 
61  HAMAR ROBERTS AC 81 6-022 8 . 2  8 . 3  8 8 . 65 8 . 47 
61  HAUAR ROBERTS CG1 822-031 8 . 25 8 8 8 . 625 8 . 48 
61  HAMAR ROBERTS CG2 . 83 1 -068 8 . 1 5  7 . 9  8 . 93 8 . 3  8 . 52 
76 HAMAR MARSHALL A1 888-8 1 6  1 . 35 7 . 8  8 8 . 45 8 . 43 
76 HAMAR MARSHALL A2 81 6-023 8 . 5  7 . 7  8 8 . 2  8 . 86 
76 HAMAR MARSHALL CG1 823-828 8 . 1 7 . 8  8 8 . 2  8 . 87 
76 HAMAR MARSHALL CG2 828-848 8 . 85 7 . 6  8 8 . 25 -8 . 67 
76 HAMAR �SHALL. CG2 848-868 8 7 . 8  1 . 57 8 . 225 8 . 7 1 
87 HAMAR MARSHALL � 88&-e88 2 . a  7 . 3 . ' 8  1 . 85 9 . 31 
87 HAMAR UARSHALL A 888-0 1 5  8 . 6  7 . 6  _. 8 9 . 5  29 . 86 
87· HAUAR WARSHALL AC 8 1 5-828 8 . 2  8 . 1 8 . 8 . 1 25 . 67 
87 HAt.tAR UARSHALL CG1 828-043 8 . 1 8 . 3  8 8 . 65 7 . 92 
87 HAUAR WARSHALL CG2 843-868 8 . 85 8 8 . 31 8 . 8  7 . 96 
60 HECLA ROBERTS AP 00e-ee7 1 .  7 5 . 8  8 8 . 1 8 . 4  
60 HECLA ROBERTS A 887-02 1 1 . 6 6 . 7  8 8 . 1 8 . 27 
60 HECLA ROBERTS AC 82 1 -032 8 . 95 7 8 8 . 875 8 . 44 
60 HECLA ROBERTS C1  832-043 8 . 35 7 8 8 . 1 8 . 58 
68 HECLA ROBERTS C2 843-068 8 . 1 6 . 9  8 . 24 8 . 1 5  8 . 5 1 
64 HECLA ROBERTS AP 888-889 1 . 55 5 . 3  8 8 . 1 65 8 . 42 
64 HECLA ROBERTS A 889-81 4  8 . 95 5 . 9  8 8 . 1 85 8 . 7  
64 HECLA ROBERTS AC 8 1 4-028 8 . 55 6 . 2  8 8 . 1 25 8 . 6  
64 HECLA ROBERTS C 1  828-837 8 . 1 6 . 5  8 8 . 885 8 . 59 
64 HECLA ROBERTS C2 837-048 8 7 8 . 7  8 . 1 55 8 . 58 
64 HECLA ROBERTS C3 848-068 0 7 . 6  6 . 97 8 . 2  8 . 36 
75 HECLA WARSHALL AP 888-889 1 6 . 6  8 8 . 2  8 . 92 . 
75 HECLA MARSHALL A 889-027 8 . 8  6 . 6  8 8 . 1 45 8 . 94 
75 HECLA MARSHALL AC 827-035 0 . 25 7 8 8 . 1 7  8 . 94 
75 HECLA MARSHALL c 835-068 8 . 85 7 8 . 3 1 8 . 1 6  1 . 25 
86 HECLA MARSHALL AP 888-888 2 . 2  7 . 2  8 8 . 625 8 . 2  
86 HECLA MARSHALL A 888-0.1 9  1 . 2 7 . 1 8 8 . 375 8 . 38 
86 HECLA MARSHALL AC 8 1 9-032 8 . 4  7 . 5  8 8 . 2 1 8 . 75 
86 HECLA MARSHALL C1  832-048 8 . 2  7 . 3  8 . 24 8 . 1 6  . 8 . 49 
86 HECLA MARSHALL C2 848-068 8 . 1 7 . 9  1 8 . 56 8 . 75 8 . 42 
24 WAUBAY COO INGTON AP 888-886 6 . 4  6 . 9  8 8 . 38 8 . 31 
24 WAUBAY COO INGTON A 886-0 1 3  4 . 6  7 . 2  8 8 . 24 8 . 29 
24 WAUBAY COO I NGTON BW1 8 1 3-8 1 7  2 . 35 7 . 1 8 8 . 1 9  8 . 34 
24 WAUBAY COO INGTON BW2 8 1 7-024 1 . 2 7 . 5  1 . 87 8 . 455 8 . 29 
24 WAUBAY COO I NGTON 8K 1  824-033 8 . 45 7 . 4  24 . 38 8 . 62 8 . 32 
24 WAUBAY COO I NGTON BK2 833-845 0 .  1 5  7 . 6  1 5 . 73 8 . 28 8 . 82 
24 WAUBAY COO I NGTON c 845-868 8 . 75 7 . 9  2 1 . 22 8 . 46 2 � �6 
37 WAUBAY DEUEL A 1 888-8 1 8  7 . 5  7 . 3  8 1 8 . 85 
· . . 
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APP E ND I X  TABLE B .  OW ,  PH , CACOJ , EC . AND S� RAW OATA . 
PROF I LE SER I ES COUNTY HORIZON DEPTH ow PH CAC03 EC SAR 
( IN . ) (X) (X) (�S/a.t) 
37 WAUBAY DEUEL A2 81 8-81 8 8 . 2  7 . 3  8 8 . 78 8 . 86 
37 WAUBAY DEUEL BW 81 &-e26 3 . 4  7 . 4  1 . 82 8 . 225 8 . 35 
37 WAUBAY DEUEL 131< 1  81 6-832 1 . 35 7 . 6  7 . 79 8 . 275 8 . 49 
37 WAUBAY DEUEL 131<2 832-839 8 . 9  7 . 6  28 .- 65 8 . 24 8 . 57 
37 WAUBAY DEUEL c 839-868 8 . 35 7 . 5  28 . 4  8 . 6  8 . 63 
57 WAUBAY ROBERTS AP 888-887 5 .  7 5 . 9  8 8 . 1 6 1 . 34 
57 WAUBAY ROBERTS A 887-81 2 2 . 8  5 . 9  8 8 . 1 25 8 . 83 
57 WAUBAY ROBERTS BW1 8 1 2-81 8 2 . 1 6 . 2  8 8 . 1 2  8 . 71 
57 WAUBAY ROBERTS BW2 81 8-824 1 . 2 6 . 8  8 . 24 8 . 2  8 . 58 
57 WAUBAY ROBERTS BK 824-832 1 . 6 7 . 8  23 . 75 8 . 425 1 . 22 
57 WAUBAY ROBERTS C1  832-847 8 . 75 8 23 . 52 8 . 325 1 . 28 
57 WAUBAY ROBERTS C2 847-868 8 . 6  8 2 1 . 7  2 . 4  8 . 64 
85 WAUBAY t.tARSHALL AP 888-886 5 . 7  7 . 2  8 8 . 5  8 . 3  
85 WAUBAY t.tARSHALL A 886-813 4 . 3  7 . 2  8 8 . 45 8 . 3 1 
85 WAUBAY t.tARSHALL BW1 8 1 3-8 1 8  2 . 5  7 8 8 . 2  8 . 46 
85 WAUBAY MARSHALL BW2 8 1 8-828 8 . 9  7 . 3  8 . 32 8 . 45 8 . 32 
85 WAUBAY �SHALL 81< 828-842 8 . 55 7 . 9  21 . 34 8 . 525 8 . 49 
85 WAUBAY MARSHALL c 842-868 8 . 35 8 21 . 76 8 . 7  8 . 6 1 
1 86 WAUBAY HAULJN AP 888-887 4 . 5  6 . 4  8 8 . 3  8 . 49 
186 WAUBAY HAUL I N  A 887-812 3 . 3  6 . 8  8 8 . 3  8 . 63 
186 WAUBAY HAUL I N  BW 8 1 2-8 1 8  2 . 85 7 . 4  8 . 1 6  8 . 275 8 . 87 
186 WAUBAY 1-WALJN 81<1 8 1 8-826 8 . 55 7 . 8  22 . 81 8 . 275 8 . 94 
186 WAUBAY 1-WALI N  BK2 826-835 8 . 35 7 . 8  1 8 . 41 8 . 4  8 . 65 
1 86 WAUBAY 1-WAL JN C1  83� 8 . 3  7 . 8  1 5 . 94 � . 45 8 . 88 
186 WAUBAY 1-WALI N  C2 844-e68 8 . 1 7 . 8  1 5 . 32 8 . 875 1 . 29 
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APP END I X  TABLE C .  PARTICLE S IZE ANALYSI S  RAW DATA . 
PROF I LE · SER I ES COUNTY HOR I ZON DEPTH SAND S I LT . CLAY 
(X) 
1 EGELAND GRANT AP eee-ee8 78 . 9  1 1 . 9 1 1  . 2  
1 EGELAND GRANT AS 888-81 3  7� . 7 1 3 . 8  1 8 . 7  
1 EGELAND GRANT BW1 81 3-838 76 . 7  1 4 . 5  8 . 8  
1 EGELAND GRANT BW2 838-835 86 . 3  4 . 9  8 . 8  
1 EGELAND GRANT BK 835-848 86 . 2  5 . 4  8 . 4  
1 EGELAND GRANT c 848-868 87 . 5  4 . 9  7 . 8  
21  EGELAt'� COD INGTON AP 886-889 71 . 6 1 9  9 . 4  
21  EGELAND CODINGTON BW1 889-81 4  83 . 5  9 . 8  8 . 9  
21  EGELAND COO INGTON BW2 81 4-826 87 . 7  8 . 4  5 . 9  
21  EGELAND COOINGTON BC 826-832 62 25 . 4  1 2 . 6  
21  EGELAND CODINGTON 2C1 832-838 34 . 7  47 . 7  1 7 . 6  
. 21 EGELAND CODINGTON 2C2 838-868 44 . 7  31 . 2  24 . 1  
189 EGELAND GRANT AP eee-e87 64 . 4 22 1 3 . 6  
188 EGELAND GRANT BW1 807-81 5  68 . 8  1 8 . 1 1 3 . 1 
1 88 EGELAND GRANT BW2 81 5-827 79 . 8  1 1 . 1 9 . 1  
1 88 EGELAND GRANT BC 827-835 85 . 5  7 . 5  7 
1 80 EGELAND GRANT C 1  835-848 86 . 8  6 . 3  8 . 9  
1 80 EGELAND GRANT 2C2 848-868 28 . 9  3 1 . 3  39 . 8  
1 83 EGELAND HAUL I N  AP 8&e-e&7 63 24 . 6 1 2 . 4 
1 83 EGELAND HAUL I N. A 887-8 1 8  63 . 5  23 . 9  1 2 . 6  
1 83 EGELAND HAUL IN BW1 8 1 &-e 1 9  58 . 1  31  1 8 . 9  
1 83 EGELAND HAUL IN 8W2 81 9-e25 88 . 2  1 4  5 . 8 
1 83 EGELAND HAUL I N  BC 825-837 85 . 2  9 5 . 8 
1 83 EGELAND HAUL I N  C1  837-852 87 . 2  8 . 2  4 . 8  
1 83 fGELANO HAUL IN C2 852-868 8J .  8 1 1 . 7 4 . 7  
2 MADDOCK GRANT AP eee-ee7 79 . 1 '1 1 9 . 3  
2 · MADDOCK GRANT AS 887-8 1 4 75 . 4  1 3 . 1 1 1 . 5 
2 MADDOCK GRANT BW 81 4-824 79 . 8  8 . 9  1 1 . 5 
2 ..w>DOCK GRANT BC 824-846 88 . 4 • 5 . 2  8 . 4  
2 ..w>DOCK GRANT c 846-868 73 . 8  7 . 7  1 8 . 5  
42 WAOOOCK BROOK INGS AP ee&-e88 69 . 3 1 9 . 4  1 1 . 3 
42 tu.OOOCK BROOK I NGS BW � 888-82 1 75 1 6 . 5  8 . 5  
42 tu.ODOCK BROOK INGS C 1  82 1-848 87 . 6  3 . 9  8 . 5  
42 tu.ODOCK BROOK I NGS C2 848-868 78 . 3  1 4 . 3  7 . 4  
73 WAOOOCK WAASHALL A 88&-e1 2  88 . 5  6 . 9  4 . 6  
73 WADOOCk WAASHALL AC 81 2-815 93 . 7  3 . 4  2 . 9  
73 .w>OOCJ< WAASHALL C1 81 5-838 95 . 3  2 . 8  2 . 1 
73 I.&AOOOCK t.tARSHALL C2 83&-e68 94 . 8  3 . 1 2 . 1 
95 ..w>OOCK t.tOCX>Y .AP eee-ee8 65 . 9 2 1 . 3  1 2 . 8  
95 UAOOOCK t.tOCX>Y BW 888-81 4  48 . 6  34 . 2  1 7 . 2  
95 UAOOOCK �y C 1  81 4-826 62 . 6  23 . 4  1 4  
95 t.WlOOCK t.tOODY C2 826-868 85 . 5  6 . 2  8 . 3  
3 ESTELLINE GRANT AP 88e-e&8 28 . 3 51 . 5  28 . 2  
3 ESTELLI NE GRANT AS 888-8 1 4 1 3 . 2  58 . 5  28 . 3  
. 3 ESTELLINE GRANT BW 81 4-824 1 7 . 2  56 . 8  26 
3 ESTELLINE GRANT 2C 824-068 75 . 2  6 1 8 . 8  
22 ESTELLI NE COO INGTON AP 8&e-e86 1 2 . 8  59 . 7  27 . 5  
22 ESTELLINE COO INGTON BW1 886-8 1 7 5 . 8  64 38 . 2  
22 ESTELLINE COO INGTON BW2 81 7-827 3 . 3  65 . 9  38 . 8  
22 ESTELLINE COO INGTON 81< 1  827-834 1 4 .  1 62 . 5  23 . 4  
22 ESTELL INE COO I NGTON BK2 834-037 46 . 4  37 . 3  1 6 . 3  
22 ESTELLINE COO I NGTON 2C 837-868 81 . 1  1 8  8 . 9  
43 ESTELLINE BROOK I NGS AP &e&-e89 9 . 8  61 . 8  28 . 4, 
43 ESTELL I NE BROOK I NGS BW1 889-81 7 7 . 1 65 . 6  27 . 3  
43 ESTELL I NE BROOK INGS BW2 81 7-838 1 8 . 7  63 . 2  26 . 1  
43 ESTELLI NE BROOK I NGS 8K 838-845 1 6 . 1 79 . 4  4 . 5  
43 ESTELL I NE BROOK I NGS 2C1 845-858 61  . 9 24 . 2  1 3 . 9  
· . . 
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PROF I L[ SERJ ES COUNTY HOR I ZON DEPTH SAND S I LT CLAY 
(X) 
43 ESTELLINE BROOKI NGS 2C2 e5&-e68 78 . 3  1 8 . 4  1 1 . 3 
78 ESTELLI NE YAASHALL AP 88&-e86 32 . 4 47 . 8  1 8 . 7  
78 ESTELLINE YAASHALL A 886-888 31 • 1 49 . 3  1 8 . 6  
78 ESTELL I NE YAASHALL BW1 888-8 1 6  38 . 4  58 . 2  U L 4 
78 ESTELLI NE w.RSHALL BW2 8 1 6-828 24 . 2  56 . ·9 1 8 . 9  
78 ESTELLI NE WARSHALL 8K 82&-e38 1 8 . 3  84 . 8  1 8 . 8  
79 ESTELLI NE MARSHALL 2C 83&-e68 78 . 8  1 3 . 2  8 
4 PO I NSETT GRANT AP eee-eea 23 . 6  48 27 . 4  
4 POINSETT GRANT AS 888-8 1 2  1 8 . 7  58 . 7  38 . 6  
4 POINSETT GRANT BW 8 1 2� 1 9  29 . 7  47 . 5  22 . 8  
4 POI NSETT GRANT BK 8·1 8-e27 25 . 8 37 . 3  36 . 9  
4 POI NSETT GRANT C 1  827-858 29 . 8  33 37 . 1  
4 POINSETT GRANT C2 85&-e68 32 36 . 3  3 1 . 7  
38 POINSETT DEUEL AP 88&-ee7 1 6 . 5  52 . 4  3 1 . 1  
38 POINSETT DEUEL A 887� 1 8  1 8 . 3  49 . 1  34 . 8  
38 POINSETT DEUEL BW1 8 1 8-4 1 4  1 2 . 5  53 . 5  34 
38 POINSETT DEUEL BW2 8 1 4-825 1 3 . 7  5 1 . 9  34 . 4  
38 POINSETT DEUEL 81< 1  825-838 4 . 8  58 . 2  39 . 2  
38 POINSETT DEUEL BK2 838-842 4 . 8  82 . 5  32 . 7  
38 POINSETT DEUEL c 842-868 7 89 . 1  23 . 9  
58 POINSETT ROBERTS AP . 886-886 1 8 . 9  53 . 5  35 . 8  
58 POINSETT ROBERTS BW1 886-889 1 1  . 3 57 . 8  38 . 9  
58 POINSETT ROBERTS BW2 889-81 8 8 . 8  8 1 . 1  38 . 3  
58 POINSETT ROBERTS BW3 8 1 �2 1  a . 5  12 . 9  28 . 8  
58 . POINSETT ROBERTS BK 1 82 1-825 4 . 4  1 1 . 3  34 . 3  
58 POI NSETT ROBERTS 81<2 825-832 1 4 . 5  59 . 5  26 
58 POINSETT ROBERTS · c 832-868 38 . 2  43 26 . 8 . 
1 84 PO I NSETT HAWLI N  AP 888-889 7 85 . 3  27 . 7  
1 84 POINSETT HAWLI N  BW1 889-81 5 5 . 5  64 . 8  29 . 9  
1 84 POINSETT HAWLI N  BW2 8 1 5-82 1  4 . 2  66 . 9  28 . 9  
1 84 POINSETT HAWLI N  8W3 821-827 4 . 2  78 . 9  24 . 9  
1 84 POI NSETT HAUL IN  BK 1  - 827-84 1 1 1  84 . 5  24 . 5  
1 84 POI NSETT tw.CLI N  BK2 841-846 26 . 8  49 . 8  23 . 4  
1 84 POINSETT tw.CLI N  2C 846-868 34 42 . 7  23 . 3  
5 LADELLE GRANT AP 888-886 43 35 . 2  2 1 . 8  
5 LADELLE GRANT A 886-8 1 8  51 . 8  29 . 5  1 8 . 7  
5 LADELLE GRANT C 1  8 1 8-836 44 . 2  33 . 9  2 1 . 9  
5 LADELLE GRANT C2 836-868 26 . 4  43 . 2  38 . 4  
36 LADELLE DEUEL AP 88&-eeS 8 . 9  58 . 4  34 . 7  
36 LAOELLE DEUEL A 888-8 1 7  9 . 3  53 . 8  36 . 9  
36 LADELLE DEUEL BW 8 1 7-826 1 2 . 8 57 . 7  29 . 7  
36 LAOELLE DEUEL 8K 82�34 1 5 . 4  58 . 7  25 . 9  
36 LAOELLE DEUEL ABU 834-845 1 4 . 8  82 . 1  23 . 1  
36 LAOELLE DEUEL c 845-868 1 3 .  2 57 . 8  29 
' 59 LAOELLE ROBERTS AP eee-ee7 25 44 . 8  38 . 2  
59 LAOELLE ROBERTS A 887-8 1 6 24 . 8  42 . 9  32 . 3  
59 LAOELLE ROBERTS BW 8 1 6-835 27 37 . 7  35 . 3  
59 LACELLE ROBERTS A8U 835-843 26 . 7  36 . 8  36 . 5  
59 LAOELLE ROBERTS c 843-868 37 . 3  38 . 4  32 . 3  
1 82 LAOELLE GRANT AP 888-888 46 . 1 . 31 . 8  22 . 1  
1 82 LAOELLE GRANT A 888-828 23 39 38 
1 82 LACELLE GRANT C 1  828-838 37 . 4  35 . 7  26 . 9  
1 82 LAOELLE GRANT C2 838-868 1 5 . 8  47 . 2  36 . 9  
6 HEia.t:>AL GRANT AP 888-888 49 . 8 3 1 . 1  1 9 . 1 
6 HEia.t:>AL GRANT AB 886-8 1 2  44 . 5  34 . 4  2 1 . 1  
6 HEit.«>AL GRANT BW 8 1 2-822 45 . 8  35 . 5  1 8 . 7  
6 HEit.«>AL GRANT BK 822-833 44 . 7  29 . 5  25 . 8  
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APPEND IX TABLE C .  PARTICLE SIZE ANALYS IS RAW DATA . 
PROF I LE SER I ES COUNTY HOR IZON DEPTH SAN) S I LT CLAY 
• H£Jl.I)AL GRANT c 
(X) 
al3-eS8 52 . 5  � 1 3 . 5  
17 HE lt.()AL ROBERTS AP ee&-e88 45 . 4  34 . 1  28 . 5  
67 HEJt.()AL ROBERTS A H&-e 1 1  36 . 5  42 . 5  2 1  
17 HEJt.()AL ROBERTS 8W 11 1-e 1 7  37 . 5  43 . 5  1 1  
17 HEJt.()AL ROBERTS 8K 817-e23 41 . 1  31 . 2  1 8 . 1  
17 HEJt.()AL ROBERTS C1 123-e35 47 36 . 4  1 6 . 1  
17 HEit.()AL ROBERTS C2 135-e4f\ 48 . 1 37 . 2  1 4 . 7  
17 HEit.()AL ROBERTS C3 e4&-e68 44 . 8  39 . "  1 5 . 6  
18 HEit.()AL ROBERTS AP eee-ee& 29 . 1  45 . 7  25 . 2  
18 HEit.()AL ROBERTS BW1 M&-1 1 1  29 . 4  45 . 8  24 . 8  
&8 HE it.()AL ROBERTS BW2 1 1 1 -e 1 8  45 . 8  34 . 2  28 
18 HEJ l.()AL ROBERTS BK 1 1 &-e3 1  ..., 3S L 3  28 . 7  
&8 HEJt.()AL ROBERTS c 831 -e&8 26 . 1  48 . 8  33 . 1  
1 1 1  HEit.()AL GRANT AP eee-ee7 42 33 . 6  24 . 4  
1 1 1  HEia.«>AL GRANT BW1 ee7-e 1 7  34 41 25 
1 1 1  HEUAOAL GRANT BW2 8 1 7-e26 39 . 2  3 1  28 . 8  
1 1 1  HE ia.«>AL GRANT 8K 826-137 44 . 7  35 . 8  1 1 . 4  
1 1 1  HE it.()AL GRANT c 137-e&e 42 . 9  35 . 7  2 1 . 4  
7 S I SSETON GRANT A eee-ee7 45 . 3  35 . 8  1 8 . 1 
7 S I SSETON GRANT BK 1  ee7-e 1 7  40 . 1  45 . 5  1 3 . 6  
7 S I SSETON GRANT 81<2 1 1 7-e35 44 . 2  48 . 8  1 5  
7 S I SSETON GRANT c 135-e60 42 . 1  38 . 5  1 8 . 1  
52 S ISSETON ROBERTS AP eee-ee8 31 35 . 1  25 . 4  
52 . S ISSETON ROBERTS BK 1  eea-e 1 8  31 . 2  31 . 3  2 1 . 5  
52 S ISSETON ROBERTS BK 2  1 1 8-e36 ..e . 1 38 . 1  2 1  
52 S I SSETON ROBERTS c 836-860 38 . 2 42 . 1  1 1 . 2  
13 S I SSETON ROBERTS A e0e-ee6 47 . 1  42 . 1  1 8 . 3  
13 SI SSETON ROBERTS 81< 1  606-1 1 4  45 . 3  44 . 5  1 8 . 2  
63 S I SSETON ROBERTS BK2 11 4-823 43 . 2  44 . 7  1 2 . 1  
63 S I SSETON ROBERTS C 1  823-e34 44 . I  44 1 1  . 1  
13 S I SSETON ROBERTS C2 134-168 43 . 3  44 . 7  1 1 . 1 
1 1 8 S I SSETON GRANT AP tee-ee5 40 . 7  33 . 1  25 . 7  
1 1 8 SI SSETON GRANT BK 1  885-e 1 9  4 1 . 1  34 2 4 . 1  
1 1 8 S I SSETON GRANT 81<2 I UHt33 4 1 . 6  35 23 . 4  
1 1 8 S I SSETON GRANT c 133-e68 42 . 2  34 . 7  23 . 1  
a TONKA GRANT AP eee-e06 1 4 . 7  5 1 . 4  33 . 8  
8 TONKA GRANT A 186-8 1 8  1 4 . 8  55 38 . 2  
8 TONKA GRANT E 1 1 8-823 1 7 . 5  58 . 2  24 . 3  
8 TONKA GRANT 8T1 123-el 1 8 56 . 6  34 . 4  
8 TONKA GRANT 8T2 131 -e42 8 . 7  5 1 . 5  31 . 8  
8 .TONKA GRANT 8C 142-e58 5 . 1  53 4 1 . 1  
8 TONKA GRANT c 150-e68 4 . 7  59 . 8  35 . 5  
38 TONKA DEUEL AP He-e87 . 
38 TONKA DEUEL A H7-8 1 2  . 
j8 TONKA DEUEL [ 1 1 2-8 1 8  . 
38 TONKA DEUEL BT 1 1 1 &-e26 . 
38 TONKA DEUEL BT2 121-438 . 
38 TONKA DEUEL 2C 138-868 • . . 
78 TONKA MARSHALL AP He-889 5 . 1  14 . 3  38 . 1  
78 TONKA MARSHALL [ -� 1 8  8 . 4  S5 . 2  26 . 4  
78 TONKA MARSHALL BT1 1 1 &-e23 1 . 8  S9 . 1  2 1 . 1  
78 TONKA t.IARSHALL 8T2 123-848 5 . 5  18 26 . 5  
78 TONKA WAR SHALL c 148-868 3 . 3  67 . 4  . 29 . 3  
14 TONKA DAY AP eee-e06 1 1 . 1  68 . 8  28 . 1  
84 TONKA DAY A H6-e 1 1 8 . 2  6 1 . 4  30 . 4  
84 TONKA DAY E 1 1 1 -8 1 7  1 1 . 3 12 . 8  25 . 8  
84 TONKA DAY BT 1 11 7-82 1 7 . 8  5 6 . 6  35 . 5  
1 44 
APPEND I X  TABLE C .  PARTICLE S I ZE ANALYS I S  RAW DATA . 
PROFI LE  SERI ES COUNTY HOR I ZON DEPTH SAN) S I LT CLAY 
... TONKA DAY ·aT2 (X) e21-4»33 5 . 3  88 . 1  34 . 1  
... TONKA DAY 8T3 e33-842 5 . e  56 . 7  37 . 5  
14 TONKA DAY C1 842-4»5 1 1 8 . 5  52 . 1  36 . 1  
... TONKA DAY 2C2 85 1 ... 68 45 . 5  32 . 8 2 1 . 7 I DOVRAY GRANT AP eea...es 1 8 . 1 43 . 5  46 . 4  
I DOVRAY GRANT A 889-e2 1 I 43 . 4 47 . 1  
I DOVRAY GRANT BG 1 12 1-4»28 1 2  45 . 8  42 . 2  
I DOVRAY GRANT BG2 129-e41 1 . 1  47 . 0  43 . 1  
I DOVRAY GRANT 8K 841,..54 e . s  58 . 7 32 . 7  
I DOVRAY GRANT · c 854-e68 2 1 . 1  48 . 4  28 . 7  
56 DOVRAY ROBERTS . A1 ee&-887 8 . 2  � - 4  55 . 4  
56 DOVRAY ROBERTS A2 ee1-e22 5 . 5  28 . 2  74 . 3  
56 DOVRAY ROBERTS BWG1 e22-e3 1 1 . a  28 . 3  83 . 1  
56 DOVRAY ROBERTS BWG2 83 1-e48 5 . 5  26 . 4  88 . 1 
56 DOVRAY ROBERTS BCG 848-e5 1 6 . 1  38 . 1  83 . 8  
56 DOVRAY ROBERTS CG 85 1 ... 68 5 . 5  48 . 2  54 . 3  
8e DOVRAY MARSHALL AP ee&-ee7 8 . 3  48 . 7  5 1  
ae DOVRAY MARSHALL A1 8e7-e 1 8  7 . 9  32 . 8  59 . 3  
80 DOVRAY MARSHALL A2 11 8-822 6 . 3  33 . 5  18 . 2  
8e DOVRAY MARSHALl BKG 822-e32 6 . 5  31 . 4  12 . 1  
80 DOVRAY MARSHALL CG e32-e6e 1 8 . 8  33 . 6  55 . 6  
1 1 2 DOVRAY GRANT A1 H&-e 1 5  1 1 . 4 41 . 5  47 . 1  
1 1 2 DOVRAY GRANT A2 1 1 �28 1 5 . 1  38 . 2  45 . e  
1 1 2 DOVRAY GRANT 8TG1 82&-838 1 7  48 . 1  42 . 1  
·1 1 2 DOVRAY GRANT BTG2 13&-845 1 8 . 4  42 . 5  38 . 1  
1 1 2 DOVRAY GRANT CG 14�68 26 . 3  4e . 7  33 
18 PEEVER GRANT AP eee-e09 34 . 2 39 . 7  28 . 1 
18 PEEVER GRANT 8T 1 889-e 1 3  35 . 7  38 26 . 3  
1 8  PEEVER GRANT 8T2 81 3-8 1 7 42 . 6  25 . 8  31 . 6  
1 8  PEEVER GRANT 8TK 8 1 7-e3 1 22 . 3  38 . 2  39 . 5 
1 8  PEEVER GRANT 8K 13 1-e42 1 8 . 9  33 . 4  46 . 7  
1 8  PEEVER GRANT c 842-e60 1 9 . 3  34 . 1 46 . 6  
34 PEEVER DEUEL AP eee-e01 34 . 9  35 . 2  29 . 8  
34 PEEVER DEUEL 8T 1 ee1-e 1 5  22 . 7  43 . 4  33 . 8  
34 PEEVER DEUEL 8T2 8 1 5-825 2 1 . 8  48 . 3  29 . 9  
34 PEEVER DEUEL BC 125-834 22 . 8 12 . 8  1 4 . 3  
34 PEEVER DEUEL c 134-e68 1 4  74 1 2  
58 PEEVER ROBERTS AP eee-ee7 22 . a 45 32 . 2  
50 PEEVER ROBERTS 81 1 e81-e 1 2  2 1  48 . 5  38 . 5  
58 PEEVER ROBERTS 812 e 1 2-e2e 1 8 . 1  39 . 8 41 
50 PEEVER ROBERTS 8K 1  12&-e32 1 8 . 4  33 . 1  48 . 5  
58 P EEVER ROBERTS 8K2 132-e39 1 8  38 . 1  51 • •  
58 P EEVER ROBERTS 8K3 839-e48 1 7 . 7  27 . 8  54 . 5  
58 PEEVER ROBERTS c 149-e68 1 7 . 8  38 . 5 5 1 . 7 
83 PEEVER MARSHALL AP eee-eee 24 . 7 42 . 9  32 . 4  
83 P EEVER MARSHALL BT 1  888-81 4 23 . 1  43 . 8 33 . 1  
83 PEEVER MARSHALL BT2 11 4-e 1 7 28 47 . 3  32 . 7  
83 PEEVER WAR SHALL 8K1 1 1 7-e24 1 8 . 7  48 . 2  33 . 1 
83 PEEVER MARSHALL BK2 124-e30 31 . 8  36 . 5  3 1 . 8  
83 PEEVER MARSHALL c 13&-868 28 33 . 6  37 . 4  
1 1  FORMAN GRANT AP 18&-806 44 . 4  38 . 3  25 . 3  
1 1  FORUAN GRANT BT M&-8 1 6  45 . 3  35 . 8 1 8 . 9  
1 1  FORUAN GRANT BK 1 1 1 6-823 38 34 . 7  26 . 3  
1 1 FORW.N GRANT BK2 123-e34 32 . 3  44 . 2  .23 . 5  
· 1 1 FORUAN GRANT c 134-e68 25 . 4  53 . 2  2 1 . 4  
26 FORUAN COO I NGTON AP eee-ee4 22 . 8 46 . 2  31 
26 FORW.N COO J NGTON BT 884-e 1 8  34 . 3  48 . 8  24 . 1  
APPEND I X  TABLE C .  PART ICLE SI ZE ANALYS I S  RAW DATA . 
PROF I LE  SER I ES COUNTY HOR I ZON OEPTH SAte) SI LT 
(X) 
26 FORMAN COO I NGTON BTl< 8 1 &-e28 31 . 34 . 5  
26 f'ORUAN COO I NGTON 8K 826-844 38 . 1 35 . 1  
26 f'ORI.tAN COO I NGTON c 844-e68 31 . 2  34 . 5  
33 f'ORUAN DEUEL AP 88&-e88 32 . 1  35 . 2  
33 FORUAN DEUEL BT 1 881Ht 1 4  24 . 1  37 . 5  
33 FORUAN DEUEL BT2 8 1 4-821 28 . 6  33 . 5  
33 FORUAN DEUEL 8K 1  82 1-e26 36 . 1  31 
33 FORMAN DEUEL 8K2 826-836 37 32 . 8  
33 ,.� DEUEL c 836-868 38 . 3  46 . 3  
5 1  FORt.AAN ROBERTS AP 888-486 34 . 1  33 . 4  
5 1  fORt.AAN ROBERTS 8T 1 886-8 1 8  35 3 1 . 5  
51 f'ORUAN ROBERTS 8T2 8 1 - 1 8  37 . 8  32 . 2  
5 1  fORt.AAN ROBERTS 8K 8 1 9-829 38 . 1  38 . 8  
5 1  f'()Rt.AAN ROBERTS C 1 829-846 48 . 2  33 . 3  
5 1  f'ORUAN ROBERTS C2 846-868 38 . 1  33 . 1  
77 FORMAN MARSHALL A eee-e08 37 . 5 37 . 1  
77 FORUAN MARSHALL BT 1 H!HJ 1 3  48 . 2  3-4 . 4  
77 FQRW..N MARSHALL BT2 81 J-e28 37 . 3  32 . 7  
77 FORUAN MARSHALL 8K 828-43 1 37 . 5  33 . 9  
77 FORMAN MARSHALL c 83 1 -e68 38 . 8  34 . 3  
1 2  MSTAO GRANT AP eee-e06 38 . 3  43 
1 2  MSTAD GRANT A 886-8 1 1 24 . 2  58 . 5  
1 2  MSTAD GRANT AB 8 1 1-e 1 7  22 . 2  49 . 1  
12 AASTAD GRANT BW 8 1 7-e29 24 . 7  46 . 2  
1 2  AASTAD GRANT 8K 829-e38 34 . 1  35 . 6  
1 2  MST� GRANT c 831Ht68 31 . 2  37 . 1-
55 MSTAD ROBERTS AP 88&-e88 38 . 1  35 . 3  
55 MSTAD ROBERTS A eea-e 1 .2  26 . 7 36 . 5  
55 MSTAD ROBERTS BW1 8 1 2-e 1 8  27 . 2  38 
55 · MSTAO ROBERTS 8W2 8 1 8-838 27 33 . 5  
55 MSTAD ROBERTS 8K 838-e36 38 . 5  38 . 7  
55 MSTAD ROBERTS C1 836-849 31 . 3 38 . 6  
55 AASTAO ROBERTS C2 849-e68 31 3 1 . 4  
82 MSTAD WARSHALL A1 888-4 1 8  24 . 7  45 . 6  
82 MSTAD WARSHALL A2 81 8-e 1 5  28 . 9  43 . 6  
82 MSTAD MARSHALL 8W 81 5-825 27 . 2  48 . 7  
82 MSTAD MARSHALL 8C 825-828 32 . 1  34 . 1  
82 MSTAD t.IARSHALL C 1  82&-e31 36 . 3  35 . 3  
82 MSTAD MARSHALL C2 831-e44 36 . 5  34 . 5  
82 MSTAO MARSHALL C3 844-868 46 31 . 8  
13 MSTAO DAY AP 88&-888 1 5 . 5  55 . 5  
13 MSTAO DAY A e8&-e 1 4  1 1 . 9 58 . 7  
13 MSTAD DAY ., 1 1 4-835 1 . 1  59 . 8  
13 MSTAD DAY BK 835-444 29 . 9  41 
13 MSTAD DAY c 844-e68 38 . 8  36 . 8  
1 3  VALLERS GRANT A1 88&-887 31 . 1  36 . 4  
1 3  VALLERS GRANT A2 887-e1 5 38 . 8  36 . 8  
1 3  VALLERS GRANT 8K 8 1 5-e2 1  33 . 1  37 . 2  
1 3  VALLERS GRANT BKG 82 1-e32 35 . 5  32 . 5  
1 3  VALLERS GRANT CG 1  832-e4 1 33 . 9  33 . 7 
1 3  VALLERS GRANT CG2 e. 1 -e10 37 . 9  33 . 8  
29 VALLERS DEUEL A 1  88&-887 31 . 9  38 . 5  
29 VALLERS DEUEL A2 ee1-e 1 3  31 . 7  3 1  
29 VALLERS DEUEL 8KG1 8 1 3-e28 31 . 3  31 . 8  
29 VALLERS DEUEL BKG2 828-833 48 . 2  32 . 9  
29 VALLERS DEUEL CG . 833-e68 42 . 4  29 . 9  
48 VALLERS ROBERTS AP 8ee-886 39 . 8  36 . 5  
CLAY 
28 . 5  
26 . 1 
28 . 3  
32 
37 . 1  
37 . 1  
32 . 1  
38 . 4  
1 5 . 4  
3 1 . 7  
33 . 5  
38 . 2  
21 . 3  
26 . 5  
28 . 3  
25 . 4  
25 . 4  
38 
28 . 6  
26 . 8  
26 . 7  
25 . 3  
28 . 2  
29 . 1  
38 . 3  
38 . 9  
34 . 6  
36 . 8  
34 . 1  
39 . 5  
38 . 8  
38 . 1  
37 . 6  
29 . 7  
29 . 5  
32 . 1  
33 . 3  
28 . 4  
29 
22 . 2  
29 
29 . 4  
38 . 5  
29 . 1  
32 . 4  
32 . 5  
32 . 4  
29 . 7  
32 
32 . 4  
28 . 3  
29 . 6  
29 . 3  
28 . 1  
26 . 1  
27 . 7  
23 . 1  
1 4 5  
� 
) 
· . . 
1 4 6  
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48 VALLERS ROBERTS A 186-81 1 1 4 . 7  59 . 6  25 . 7  
48 VALLERS ROBERTS BKG1 81 1 -828 48 . 4  39 . 8  1 9 . 8  
48 VALLERS ROBERTS BKG2 828-828 48 . 9  38 . 6  28 . 5  
48 VALLERS ROBERTS CG1 828-838 42 . 9  3 1  26 . 1  
48 VALLERS ROBERTS CG2 838-868 43 . 2  36 . 5  28 . 3  
72 VALLERS �SHALL AP 18&-ee8 47 . 9  28 . 5  23 . 6  
72 VALLERS WAR SHALL 31<1 888-81 2 38 . 3  27 . 5  34 . 2  
72 VALLERS �SHALL Bt<2 81 2-8 1 8  35 29 . �  35 . 6  
72 VALLERS t.aARSHALL c 81 8-868 28 . 8  33 . 2  38 
1 4  BUS£ GRANT A 888-e87 28 . 8  35 . 5  35 . 9  
1 4  BUSE GRANT BK1 187-8 1 2 31 . 8  32 . 8  35 . 4  
1 4  BUSE GRANT BK2 81 2-824 38 . 8  36 . 6  32 . 6  
1 4  BUS£ GRANT c 824-868 32 . 2  36 . 2  31 . 6  
25 BUSE COO INGTON A 18&-e85 45 . 3  48 . 6  1 4 .  1 
25 BUSE COOINGTON BK 1  185-81 2  36 . 6  34 . 9  28 . 5  
25 BUSE COO INGTON BK2 81 2-8 1 7  35 . 6  33 . 1  3 1 . 3  
25 BUSE COO INGTON c 81 7-868 36 . 3  33 . 4  38 . 3  
35 BUSE DEUEL A He-e89 41 . 7  3 1 . 4  26 . 9  
35 BUSE DEUEL 81< 1  889-822 42 . 2 29 28 .. 8 
35 BUSE DEUEL 81<2 822-838 44 32 . 1  23 . 9  
35 BUSE DEUEL c 838-868 43 . 6  37 . 3  1 9 . 1  
44 BUSE BROOK INGS AP 888-884 46 . 7  29 . 8  23 . 5  
44 BUSE BROOKI NGS BK 1  884-828 39 . 8  38 . 8  29 . 4  
44 BUSE BROOKI NGS BK2 828-832 37 . 6  32 . 6  29 . 8  
44 BUSE BROOK INGS c 832-868 31 . 3  38 . 1  38 . 6  
54 BUSE ROBERTS A eee-e.88 32 . 8 35 . 9  3 1 . 3  
54 BUSE ROBERTS BK 888-828 32 . 8 27 . 9  39 . 3  
54 BUSE ROBERTS C 1  828-836 31 . 4  38 . 7  37 . 9  
54 BUSE ROBERTS C2 836-868 32 . 9  38 . 4  36 . 7  
74 BUSE MARSHALL A &ee-e84 29 . 8  48 . 7  29 . 5  
74 BUSE MARSHALL AB 884-888 38 . 2  48 29 . 8  
74 BUSE MARSHALL BK - 888-82 1 28 . 3 43 28 . 7  
74 BUSE MARSHALL c 821-868 34 . 8  35 . 7  29 . 5  
1 5  BROOK I NGS GRANT AP &ee-e87 1 4  .57 . 5 28 . 5  
15  BROOK INGS GRANT A 887-8 1 2  8 . 9  62 . 1 29 
1 5  BROOK I NGS GRANT BW 1  81 2-8 1 7  8 68 . 4  3 1 . 6  
15  BROOK INGS GRANT BW2 81 7-825 4 . 8  68 . 5  26 . 9  
15  BROOK INGS GRANT 2BK 1 825-833 7 . 5  67 . 1  25 . 4  
15  BROOK I NGS GRANT 2BK2 833-852 29 . 8  47 . 3  23 . 1  
1 5  BROOK INGS GRANT 2C 852-868 1 4 . 6  6 1 . 1  24 . 3  
28 BROOK I NGS OOO INGTON AP 88&-ee6 28 . 4  51 . 9  27 . 7  
28 BROOK I NGS COD INGTON A 886-81 3  1 8 . 6  53 . 7  27 . 7  
28 BROOK INGS COD I NGTON BW1 81 3-81 8 19  53 . 1  27 . 9  
28 BROOK INGS COO INGTON BW2 818-825 26 . 9  52 . 2  28 . 9  
28 BROOK INGS COD INGTON 2BK 1 825-829 43 . 7  
28 BROOK INGS COD I NGTON 2BK2 829-848 
-
33 :4 28 . 4  
28 BROOK INGS COOINGTON 2C 848-868 47 . 9  25 . 7  26 . 4  
45 BROOK INGS BROOK I NGS AP eee-ee7 2 . 6  63 . 6� 33 . 8  
45 BROOK INGS BROOK INGS A 887-81 3 4 . 2  6 1 . 3  34 .. 5 
45 BROOK INGS BROOK INGS BW 813-823 3 . 7  62 . 7  33 . 6  
45 BROOK INGS BROOK I NGS BK 823-848 4 . 9  66 . 8  28 . 3  
45 BROOK INGS BROOK I NGS 2C 848-860 28 . 4  4 1  38  .. 6 
9 1  BROOK I NGS DAY AP eee-ee  1 6  . 1 58 . 5  25 . 4  
9 1  BROOK I NGS DAY A 888-0 1 3  1 4 . 3  59 . 9  25 . 8  
9 1  BROOK INGS DAY BW1 813-82 1  1 4 . 3  63 . 3  22 . 4  
9 1  BROOK INGS DAY BW2 821 -827 1 1 . 9 67 . 5  28 . 6  
9 1  BROOK INGS DAY 2BK 827-835 37 . 2  34 . 5  28 . 3  
· . . 
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8 1  BROOK I NGS DAY 2C . 835-868 26 . 7  32 . 8  48 . 7  
86 BROOK INGS MOODY AP 888-089 8 . 3  59 . 2  32 . 5  
86 9ROOK INGS MOODY A 889-0 1 3  9 58 . 1  32 . 9  
96 BROOK INGS MOOOY BW 1  81 3-822 8 . 2  6 1 . 3  38 . 5  
96 BROOK I NGS MOODY 9W2 822-838 9 . 1  64 . 8  26 . 1  
96 BROOK INGS MOODY BK 838-838 1 8 . 6  54 . 8  28 . 6  
96 BROOK INGS MOODY 2C 838-e68 28 . 7  3 1 . 3 . 48 
1 6  BARNES GRANT A eee-ees 37 . 8  4 1 . �  28 . 7  
1 6  BARNES GRANT BW 885-8 1 3  41 . 7  46 . 9  1 1 . 4 
1 6  BARNES GRANT SK 81 3-828 42 . 4  48 . 6  1 7  
1 6  BARNES GRANT c 828-868 44 . 8  37 . 5  1 7 . 7  
62 BARNES ROBERTS A He-e84 49 28 23 
62 BARNES ROBERTS BW1 884-889 51 . 7 26 . 2  22 . 1  
62 BARNES ROBERTS BW2 889-8 1 7  45 . 1  34 . 1  28 . 8  
62 BARNES .ROBERTS BK 81 7-827 48 . 8  43 . 1  1 6 . 1 
62 BARNES ROBERTS c 827-868 59 . 7  25 . 5  1 4 . 8  
92 BARNES DAY A 888-886 45 . 6  29 . 9  24 . 5  
92 BARNES DAY 8W 886-81 3  41 . 8  26 . 8  3 1 . 4  
92 BARNES DAY BK 81 3-832 37 . 7  27 . 4  34 . 9  
92 BARNES DAY c 832-868 36 . 2  3 1  32 . 8  
99 BARNES HAUL I N  A &ee-e85 21 . 1  .S . 4  23 . 9  
99 BARNES HAUL I N  8W 885-8 1 8  45 . 8  29 . 1  25 . 1  
99 BARNES HAUL I N  BK 81 8-829 36 35 . 8  28 . 2  
99 BARNES .W.LI N  C 1  829-838 31 . 8  33 . 5  34 . 9  
99 BARNES .W.LI N  C2 8l8-868 32 . 7  37 . 6  29 . 7  
1 8 1 BARNES GRANT A 888-086 55 . 3  26 � 4  1 8 . 3  
1 8 1 . BARNES GRANT BW 886-8 1 7  47 . 1 24 . 5  28 :. 4  
1 8 1 BARNES GRANT C 1  8 1 7-827 52 . 7  23 . 9  23 . 4  
1 8 1  BARNES GRANT C2 827-868 53 . 3  24 . 7  22 
1 7  VI ENNA GRANT AP eee-e87 1 8 . 8  54 . 9  26 . 5  
1 7  VI ENNA GRANT A 887-8 1 8  22 . 4  5 1 . 1  26 . 5  
1 7  ·V I ENNA GRANT BW 1  8 1 8-8 1 5  1 7 . 3  63 . 7  1 9  
1 7  V I ENNA GRANT 28W2 8 1 5-e28 49 33 . 2  1 7 . 8  
1 7  V I ENNA GRANT 281< 1 828-828 45 . 5  21. . 4  33 . 1  
1 7  V I ENNA GRANT 281<2 828-838 57 . 9  2 1 . 3  28 . 7  
1 7  VI ENNA GRANT 2C 836-868 35 . 3  39 . 1  25 . 6  
23 VI ENNA CODINGTON AP eee-e86 21 . 5  58 . 1  28 . 4  
23 VI ENNA COO INGTON A ee&-ee9 28 . 4  58 . 8  28 . 8  
23 V I ENNA COO INGTON BW 1  HS-81 7  2 1 . 1  5 1 . 9  27 
23 VI ENNA COO INGTON 28W2 81 7-823 36 . 8  37 . 4  25 . 8  
23 VI ENNA COO·INGTON 2BK 823-829 42 . 9  29 . 1  28 
23 VI ENNA COO INGTON 2C 829-868 48 . 3  38 . 6  29 . 1  
47 VI ENNA BROOK INGS AP ee&-ee9 35 . 8  35 . 7  28 . 7  
47 VI ENNA BROOK INGS A HS-81 5  34 . 1 34 . 8  3 1 . 2  
47 V I ENNA BROOK INGS BW 8 1 5-e2 1  43 . 8  25 . 5  38 . 1'  
47 V I ENNA BROOK INGS 281< 1 82 1 -834 37 . 1  29 33 . 8  
47 VI ENNA BROOK INGS 2BK2 834-84 7 37 . 1 29 33 . 8  
98 V I ENNA HAMLI N  AP eee-e01 1 1 . 2  56 . 4  26 . 4  
98 VI ENNA .W.LIN BW1 H7-8 1 4  1 8 . 1 64 . 5  25 . 4  
98 V I ENNA .W.LI N  ' BW2 8 1 4-8 1 8  1 2 . 3  58 . 5  29 . 2  
98 V I ENNA HAMLI N  2SK 8 1 8-83 1  35 . 7  32 . 4  3 1 . 9  
98 VI ENNA .W.LI N  2C 83 1 -868 37 . 3  34 . 7  28 
1 8  FORDVI LLE GRANT AP eee-e87 32 . 8  45 . 9  2 1 . 3  
1 8  FORDV I LLf; GRANT BW1 H7-8 1 3  27 52 . 5  28 . 5  
1 8  FORDVI LLE GRANT BW2 8 1 3-8 1 7  1 9 . 9  63 . 2  1 6 . 9  
1 8  FORDVI LLE GRANT BC 81 7-824 29 . 7  66 . 2  4 . 2  
1 8  FORDVI LLE GRANT 2C 1 824-828 79 1 9 . 9  1 . 1  
· . . 
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18 FORDVI llE GRANT 2C2 128-868 83 7 I 
28 FORDVI llE COOI NGTON AP eee-e86 43 . 3  38 . 6  1 8 . 1  
28 FORDVI llE COOINGTON 8W1 886-8 1 2  38 . 6  39 . 9  21 . 5  
28 FORDVI llE COOI NGTON BW2 112-8 1 7  23 . 6  53 . 3  . 23 . 1  
28 FORDVI llE COOI NGTON ac 11 7-824 49 . 8  32 . 7  1 7 . 7  
28 FORDVI llE COOINGTON 2C1 82..-e27 88 . 9  • ' 7 . 1  
28 fORDVI llE COOINGTON 2C2 127-861 98 . 5  3 . 2  8 . 3  
32 fORDVI llE DEUEl AP eee-ee8 27 . 5  52 . �  28 . 4  
32 fORDVI llE DEUEl A 886-81 2 23 . 2  57 1 9 . 8  
32 fORDVI lLE DEUEL BW1 81 2-8 1 8  1 8 . 4  58 . 8  24 . 8  
32 FORDVI LLE DEUEL BW2 81 8-825 1 4 . 2  62 . 5  23 . 3  
32 fORDVI llE DEUEL BC 825-833 9 . 5  6 1 . 9  28 . 6  
32 fORDVI llE DEUEL 2C1 833-e38 84 . 2  8 . 4  7 . 3  
32 fORDVI llE DEUEL 2C2 838-868 89 . 5  4 8 . 5  
53 fORDVI llE ROBERTS AP 88&-886 38 . 8 39 . 8  23 . 4  
53 FORDVI llE ROBERTS A 886-889 39 . 2 48 . 1  28 . 7  
53 fORDVI llE ROBERTS BW1 889-81 7  32 . 1 43 . 9  24 
53 fORDVI LlE ROBERTS BW2 81 7-822 27 . 1  53 . 2  1 9 . 7  
53 FORDV I LLE ROBERTS 2C1 822-826 71 . 5  1 6 . 9  1 1 . 6  
53 FORDVI LLE ROBERTS 2C2 826-868 87 . 8  1 . 9 1 8 . 3  
78 fORDVI LlE UARSHAll AP 886-887 31 . 8  .7 . 4  28 . 8  
78 FORDV I LLE UARSHALL BW1 887-8 1 8  33 . 5  .5 . 4  21 . 1  
78 FORDV I LLE UARSHAll 8W2 818-81 7 28 . 5  48 . 8  22 . 7  
78 fORDVI LlE UARSHALl 8C 817-822 22 . 7  58 . 8  28 . 7  
78 FORDVI LLE UARSHAll C1  822-825 47 . 1  37 � 8  1 5 . 3 
78 FORDV I LLE WARSHAll 2C2 825-888 91 . 8  4 4 . 2  
1 9  D IVIDE GRANT AP eee-e87 44 32 . 8  23 . 4  
1 9 DI VIDE GRANT BK 887-819 53 . 8  28 . 8  1 7 . 8  
1 9  DIVIDE GRANT C1 81 9-823 45 . 4  42 1 2 . 6  
19  D IVIDE GRANT 2C2 823-e38 81 . 4  1 3 . 2  5 . 4  
19  D IVIDE GRANT 2C3 838-868 87 . 2  4 . 4  8 . 4  
65 'D IV IDE ROBERTS A1  eee-ees 5& . a 22 . 4  28 . 8  
65 D IVIDE ROBERTS A2 886-8 1 2  54 . 8  25 . 8  19 . 8  
65 D IVIDE ROBERTS BK 81 2-822 59 . 7  25· . 4  1 4 . 9  
65 DIVIDE ROBERTS 2C1 822-832 98 . 7  4 . 6  4 . 7  
65 D IVIDE ROBERTS 2C2 832-868 81 . 3  4 . 5  4 . 2  
84 DIVIDE WAASHAll AP 888-887 88 24 . 2  1 5 . 8  
84 DIVIDE UARSHAll A 887-81 8  57 . 8  22 . 8  1 9 . 6  
84 DIVIDE WAASHALL BK 1 818-81 7 61 . 5  23 . 8  1 4 . 7  
84 DIVIDE WAASHAll BK2 81 7-838 52 . 3  29 . 8  1 7 . 9  
84 DIVIDE �RSHAll 2C1 838-838 68 . 9  1 6 . 9  1 4 . 2  
84 D IV IDE WAASHALl 2C2 836-868 87 . 9  8 . 1 4 
1 05 DIVIDE HAMLI N  AP 888-e04 1 9 .  4 5 1  29 . 8  
1 05 DIV IDE HAML I N  A 00..-e09 1 6 . 7  53 . 5  29 . 8  
1 05 DIVIDE HAMLI N  81< 1  889-81 7  15 . 4  56 . 1  28 . 5  
1 05 DIVIDE twALI N  81<2 81 7-838 29 . 4  47 . 9  22 . 7  
1 05 D IVIDE HAMLI N  2C 038-868 89 . 2  5 . 4  5 . 4  
27 KRANZBURG COO I NGTON AP 888-807 8 65 27 
27 KRANZBURG COO I NGTON A8 887-8 1 2  7 . 8  67 . 5  24 . 7  
27 KRANZBURG COO INGTON BW 81 2-823 4 . 2  67 . 1  28 . 7  
27 KRANZBURG COO INGTON BK 1  823-e28 4 . 7  78 . 3  25 
27 KRANZBURG COOI NGTON 28K2 828-848 46 . 5  3 1 . 8  2 1 . 7  
/' 27 {::��·-��� •<>•'_;2.�----·--"" �.---�  8 ! . 45 : : ·�,_,--_}�.2 -25 . 7  4 1  
4 1  KRANZBURG BROOK INGS BW1 889-81 8  6 . 1 4 .  
4 1  KRANZBURG BROOK INGS BW2 81 8-825 1 2 . 2  . 62 . 1  
4 1  KRANZBURG BROOK INGS 2BK 1 825-829 31 . � 42 . 6  
· . . 
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8 1  
8 1  
8 1  
8 1  
8 1  
































KRANZBURG BROOK I NGS 2BK2 
KRANZBURG BROOK I NGS 2C 
KRANZBURG WARSHALL AP 
KRANZBURG WARSHALL A 
KRANZBURG UARSHALL BW1 
KRANZBURG UARSHALL BW2 
KRANZ BUR:; UARSHALL BK 
KRANZBURG MARSHALL 2C 1 
KRANZBURG WARSHALL 2C2 
KRANZBURG DAY AP 
KRANZBURG DAY BW1 
KRANZBURG DAY BW2 
KRANZBURG DAY 2BK 
KRANZBURG DAY 2C 
KRANZBURG ..OOOY AP 
KRANZBURG ..OOOY BW1 
KRANZBURG ..OOOY BW2 
KRANZBURG ..OOOY BK1 
KRANZBURG ..OOOY 2BK2 
KRANZBURG t.«XllY 2C 
LAWOURE DEUEL A 1 
lA«lURE DEUEL A2 
�E DEUEL CG 1  
lAOJRE DEUEL CG2 
�E BROOK INGS AP 
E  BROOK I NGS A 
�E BROOK I NGS BWG 
E BROOk i NGS CG1 
LAWURE BROOK I NGS CG2 
LN.O.JRE ROBERTS AP 
�E ROBERTS A 
lA'AQURE ROBERTS BWG 1  
LAMOURE ROBERTS BWG2 
�E ROBERTS ABU 
L.AWOURE ROBERTS CG 1  
t.N.AOURE ROBERTS CG2 
L.AUOURE BROOK I NGS A1 
t.N.AOURE BROOK I NGS A2 
�E BROOK I NGS BW1 
 ..... .  _..88QOK_I NGS BW2 
DEPTH SAND 
e2t-e42 31 • 8 
842�68 29 . 8  
�7 1 4 . 2  
887� 1 8  1 1 . 8 
81 8-8 1 4  9 . 2  
81 �28 8 . 1 
828-826 8 . 7  
826-834 35 . 7  
83�68 38 . 2  
888-889 1 1 . 6  
88� 1 4  1 8 . 5  
81 �27 9 . 7  
827�39 1 7 . 5  
83�68 32 . 3  
888-888 7 . 5  
888-8 1 4  9 . 2  
81 �27 4 . 9  
827�35 05 
835-839 58 . 9  
839-868 32 . 8  
888-8 1 8  24 
81 8-833 2 1 . 4  
833-645 2 1  . 9 
845-868 22 . 7  
�8 38 
888-81 7 28 . 9  
81 7-828 25 . 1  
128-837 26 :9 
837�68 31 . 6  
88&-886 1 2 . 5  
886-e 1 8  1 2 . 9  
8 1 8-8 1 6 1 8 . 2  
81 6-e2 1  .. 
82 1 �27 28 . 8  
827�38 35 . 6  
838-868 28 . 8  
88&-ee9 31 . 3  
889-8 1 8  37. 6 
81 8-828 47 . 3  
82&-e39 55 . 4  
S I LT CLAY 
(X) . 
3 . 1  2a . 1  
4 1 . 9 28 : 4  
6 1 . 9  23 . 9  
63 . 2  25 
6.7 23 . 8  
69 22 . 9  
7 1 . 7  1 9 . 6  
42 . 8  2 1 . 5  
34 . 8  35 
62 . 3  26 . 1  
62 27 . 5  
68 . 9  2 1 . 4 
47 . 8  34 . 7  
33 34 . 7  
6 1 . 6  38 . 9  
68 38 . 8  
66 . 1  29 
57- 5 28 
23 . 3  2"!":8 
25 . 9  41 . 3  
52 . 7  23 . 3  
5 1 . 5  27 . 1  
49 29 . 1  
56 . 3  2 1  
44 . 8· 25 . 2  
53 . 2  25 . 9  
58.. 5 24 . 4  
47 . 2  25 . 9  
42 . 8  25 . 6  
42 . 9  44 . 6  
42 . 3  44 . 8  
47 42 . 8  
48 . 2  47 . 8  
38 . 1  41 . 1  
37 . 8  26 . 6  
42 . 7  28 . 5  
38 .. 6 38-- 1 
35 . 4  27 
38 . 7  22 
29 . 6  1 5  
1 88 .... LAWOURE BROOK I NGS -.-... BK. �---·-··� '" 83H5't':_38 . ,,.._.,......-\_ 7 --�-
1 88 [;""'-- · BROOKI NGS . . ... �ASU"'·-<, ...... ,._ 858-857 9 . 1 -a �2"--·�§77·/ 
31 SINAI DEUEL AP 88&-88  7 . 4  44 . 8  47 . 8  
3 1  SINAI DEUEL BW1 888-8 1 3  5 . 1 45 . 7  49 . 2  
31  SINAI  DEUEL BW2 81 3-6 1 9  2 . 7  58 . 1  47 . 2  
31  S I NA I  DEUEL BC 81 9-e25 1 . 9 57 41 . 1 
3 1  SINAl  DEUEL C 1  825-834 1 . 3 36 . 7  62 
31 S I NA I  DEUEL C2 83�68 1 . 8 43 55 . 2  
48 S INA I  BROOK I NGS AP 888-888 22 45 . 9  32 . 1  ... S I NA I  BROOK I NGS A 888-e 1 1  38 . 4  43 . 4  26 . 2  
48 S I NA I  BROOK I NGS BW1 81 1 � 1 5 33 . 9  33 . 6  32 . 5  ... S I NA I  BROOK I NGS BW2 81 5-822 28 32 . 1  39 . 9  ... S I NA I  BROOK I NGS 81< 1 822�25 28 . 3  54 . 7  1 7  
48 S I NA I  BROOK I NGS BK2 825-835 25 . 8 52 . 1  22 . 1  
48 S I NA I  BROOK I NGS c 835-868 24 . 2  53 . 1  22 . 7  
66 S I NA I  ROBERTS AP eee-ee6 4 . 7  29 . 3  66 
66 SINAI  ROBERTS 8W1 886-8 1 1 3 . 9  43 . 2  52 . 9  
1 4 9  
\.r 
. . 
1 5 0  
APPEND I X  TABLE C .  PARTICLE SIZE ANALYSI S  RAW DATA . 
PROFI LE SER I ES COUNTY HOR I ZON DEPTH SAND S I LT CLAY 
(X) . 
66 S I NA I  ROBERTS BW2 11 1-81 7 2 .. 1 . 8 S8 . 2  
66 S I NA I  ROBERTS BK 11 7-833 1 . 8  39 . 7  S9 . 5  
66 S I NA I  ROBERTS C1  833-844 8 . 5  .a . ..  S9 . 1  
66 S I NA I  ROBERTS C2 14+-868 3 44 . 3  S2 . 7  
71 S I NA I  �SHALL AP 8&&-e88 3 . 8  .. 5 . 1 5 1 . 1  
71 S I NA I  MARSHALL BW 888-81 9 3 . 5  .. 2 . 6  S3 . 9  
71  S I NA I  �SHALL BK 1  81 9-828 2 . 8  45 . 1  52 . 1  
71  S I NA I  MARSHALL BK2 828-858 2 . 6  33 . 5  63 . 9  
71 S I NA I  MARSHALL c 85&-e68 8 . 7  21 . 6  77 . 7  
49 HAMAR ROBERTS AP 888-88  88 . 9  9 . 8  9 . 3  
49 HAMAR ROBERTS A 888-81 5  n . 2  1 3 . 2  9 . 6 
49 HAMAR ROBERTS AC 81 5-821 73 . 2  . 22 . 1 .. .  7 
49 HAMAR RQBERTS CG1 821-8.34 73 . 7  22 . 3  .. 
49 HAMAR ROBERTS CG2 83<4-868 68 . 8  23 . 8  7 . ..  
61  HAMAR ROBERTS AP e8e-ee8 66 . 6  1 6 . 4  1 7  
6 1  HAMAR ROBERTS A 888-81 6 7 1  . 9 1 .3  . .3 1 4 . 8  
61  HAMAR ROBERTS N::, 81 6-822 75 . 5  9 . 1 1 5 . 4  
61  HAMAR ROBERTS CG1 822-8.31 84 . 1 2 . 8  1 3 . 1 
61  HAMAR ROBERTS CG2 831-868 86 . 5  3 . 2  1 8 . 3  
76 HAUAR MARSHALL A1 888-e 1 6  87 . 8 5 . 5  8 . 7  
76 HAMAR MARSHALL A2 81 6-823 92 2 . 6  5 . 4  
76 HAMAR MARSHALL CG1 82J-e28 93 . .3 1 . 8 4 . 9  
76 HAMAR MARSHALL CG2 828-8-te 93 . 6 1 . 2 5 . 2  
76 HAMAR MARSHALL CG2 8.te-e68 83 . 7  6 . 7  9 . 8  
87 HAMAR MARSHALL AP eee-ee8 12 1 7  . ..  1 8 . 6  
87 HAMAR MARSHALL A 888-81 5  73 . 7  1 1 . .. 1 4 . 9  
87 HAMAR MARSHALL AC 81 5-828 77 8 . .3 1 4 . 7  
87 HAMAR MARSHALL CG1 " 828-843 84 . 9  9 . 3  5 . 8  
87 HAUAR MARSHALL CG2 84J-e68 74 . 8  1 7 . 5  7 . 7  
68 HECLA ROBERTS AP eee-e87 85 . 5  .. .  9 9 . 6  
68 HECLA ROBERTS A 887-821 83 9 . 4  7 . 6  
68 HECLA ROBERTS AC 821-8.32 84 . 8  6 . 1 9 . 1 
68 HECLA ROBERTS C1  832-843 86  . 1 2 1 1 . 9 
68 HECLA ROBERTS C2 84J-e68 77 . 5  1 1 . 3  1 1 . 2 
64 HECLA ROBERTS AP 888-e89 84 . 2  4 1 1 . 8 
64 HECLA ROBERTS A 889-81 4 82 . 2  5 . 8  1 2  
64 HECLA ROBERTS N::, 11 4-828 83 . 7  4 . 9  1 1 . 4 
64 HECLA ROBERTS C1  12&-e.37 87 . 5  2 . 9  9 . 6  
64 HECLA ROBERTS C2 837-848 88 . 8 3 . 2  8 
64 HECLA ROBERTS C3 848-868 9 1  . 3 4 . 5  4 . 2  
75 HECLA WARSHALL AP eee-e89 9 1  . 7 4 . 6  3 . 7  
75 HECLA · WARSHALL A 889-827 9 1 . 8  4 . 4  3 . 8 
75 HECLA WARSHALL AC 827-835 93 . 8  2 . 7 3 . 7  
75 HECLA MARSHALL c 835-868 94 . 6  2 . 5 · 2 . 9  
86 HECLA �SHALL AP eee-e88 79 . 9  1 3 . 4 6 . 7 
86 HECLA WARSHALL A 888-819 88 . 5  1 8 . 6  8 . 9 
86 HECLA �SHALL AC 81 9-832 83 . 2  8 . 7  8 . 1 
86 HECLA �SHALL C 1 632-848 83 1 8 . 6  6 . 4  
86 HECLA �SHALL C2 848-868 72 . 4  1 8 . 9 8 . 7  
24 WAUBAY COO I NGTON AP 888-886 9 . 5 62 . 7  27 . 8  
24 WAUBAY COO I NGTON A 886-81 3  8 . 5  63 . 2  28 . 3  
24 WAUBAY COO I NGTON BW1 81 J-e17 1 8 . 2 58 3 1 . 8  
24 WAUBAY COO I NGTON BW2 8 1 7-824 1 8  59 3 1  
24 WAUBAY COO I NGTON BK 1 82<4-833 5 . 6  63 . 9  38 . 5  
24 WAUBAY COO J NGTON BK2 8.3J-e45 9 . 9  64 . 5  25 . 6  
24 WAUBAY COO I NGTON c 845-868 3 . 3  67 . 1  29 . 6  
37 WAUBAY DEUEL A1  888-81 8  9 . 5  51 . 9  38 . 6  ...,.. 
1 5 1  
APPENDI X  TABLE C .  PARTICLE S I ZE ANALYS I S  RAW DATA . 
PROFI LE SERI ES COUNTY HOR I ZON DEPTH SAND S I LT CLAY 
(") 
37 WAUBAY DEUEL A2 81&-81 6 8 . 4  52 . 5  38 . 1  
37 WAUBAY DEUEL BW 8 1 6-826 5 . 4  53 . 8  48 . 8  
37 WAUBAY DEUEL 81< 1  81 6-832 3 . 4  57 . 7  38 . 9  
37 WAUBAY DEUEL 81<2 832-e39 3 . 1 62 . 1  34 . 8  
37 WAUBAY DEUEL c 839-868 4 . 7  67 . 6  27 . 7  
57 WAUBAY ROBERTS AP eee-ee7 1 9 . 2  46 . 6  34 . 2  
57 . WAUBAY ROBERTS A ee1-e 1 2  1 � . 8  5 1 . 5  32 . 7  
57 WAUBAY ROBERTS BW1 81 2-e 1 8  1 4 . 2  52 . 6  33 . 2  
57 WAUBAY ROBERTS BW2 8 1 8-824 1 2 . 8  5 1 . 6  35 . 6  f" 
57 WAUBAY ROBERTS BK 824-e32 6 . 8  5 1 . 4  41 . 8  
57 WAUBAY ROBERTS Cl 832-e47 3 . 4  28 . 7  67 . 9  
57 WAUBAY ROBERTS C2 847-e6e 1 . 1  48 58 . 9  
85 WAUBAY WARSHALL AP eee-ee6 22 .  5 46 . 2  3 1 . 3  
85 WAUBAY WARSHALL A 888-e 1 3  1 6 . 4  5 1 . 3  32 . 3  
85 WAUBAY WARSHALL BW1 8 1 J-e 1 8  1 2 . 3  54 . 6  33 . 1  
85 WAUBAY WARSHALL 8W2 81 8-828 4 . 2  64 . 3  3 1 . 5  
85 WAUBAY WARSHALL BK 828-842 9 . 5  6 1  29 . 5  
85 WAUBAY WARSHALL c 842-e6e 25 . 1  46 . 4  28 . 5  
1 86 WAUBAY HN.tLI N  AP eee-ee7 9 . 6  62 . 3  28 . 1  
1 86 WAUBAY HN.tLI N  A ee7-e 1 2  9 62 . 7  28 . 3  
1 86 WAUBAY HN.tLJN BW 81 2-e 1 8  7 . 3  66 . 1  26 . 6  
1 86 WAUBAY HN.tLI N  BK 1  81 8-826 9 . 2  67 . 5  23 . 3  
1 86 WAUBAY HN.tLI N  81<2 826-835 21  55 . 6  23 . 4  
1 86 WAUBAY HAWLI N  C1  835-e44 26 . 5 53 . 6' 1 9 . 9  
1 86 WAUBAY HAWLI N  C2 844-e68 24 . 5  55 . 7  1 9 . 8  
1 5 2  
APPENDIX TABLE D .  CEC AND EXTRACTABLE BASES RAW DATA . 
PROFI LE SERI ES eol*TY HORIZON DEPTH CEC CA ... NA K 
(MEQ/1880) 
1 EGElAND GRANT AP 888 888 9 . 5  5 1 . 44 8 . 22 8 . 8.3 
1 EGELAND GRANT AS 888-e 1 3  9 . 59 5 . 86 1 . 64 8 . 1 3  8 . 83 
1 EGELAND GRANT BW1 8 1 3-838 8 . 4  8 . 45 1 . 84 8 . 22 8 . 44 
1 EGELAND GRANT BW2 838-835 6 . 1 2  5 . 33 . 1 . 63 8 . 22 8 . 1 9  
1 EGELAND GRANT 81< 835-848 5 . 87 1 8 . 58 1 . 64 8 . 1 3  8 . 1 9  
1 EGELAND GRANT c 848-868 5 . 2  28 . 84 1 . 23 8 . 22 8 . 1 9  
21 EGELAND COD I NGTON AP 888-889 7 0 1 5  4 . 49 1 . 44 2 . 29 8 . 19 
21 EGELAND CODI NGTON BW1 889-81 4  7 . 84 3 . 98 1 . 43 8 . 96 8 . 1 3 
21 EGELAND COO I NGTON BW2 814-e26 5 . 47 3 . 6 1 1 . 23 8 . 63 8 . 1 3 
21  EGELAND COD I NGTON 8C 82&-e32 7 . 84 9 . 83 2 . 46 8 . 22 8 . 1 3  
2 1  EGELAND CODI NGTON 2C1 832-838 1 8 . 93 37 . 48 4 . 3  8 . 65 8 . 1 3 
21  EGELAND- CODI NGTON 2C2
. 
838-888 9 . 27 42 . 84 5 . 54 8 . 56 8 . 1 9  
1 80 EGELAND GRANT AP 888-887 1 4 . 84 5 . 74 2 . 67 8 8 . 5 1 
1 88 EGELAND GRANT BW1 H7-8 1 5  1 8 . 6  8 . 36 2 . 67 8 8 . 1 9  
1 88 EGELAND GRANT BW2 81 5-827 9 . 45 4 . 24 2 . 48 a 8 . 1 3  
1 88 EGELAND GRANT 8C 827-835 7 . 8  8 . 36 2 . 85 8 8 . 86 
188 EGELAND GRANT C1 835-848 9 . 73 21 . 98 2 . 86 8 8 . 86 
1 88 EGELAND GRANT 2C2 848-868 24. 95 36 . 73 1 3 . 53 8 . 35 8 . 38 
183 EGELAN> HAMLI N  AP 888-887 1 3 . 26 9 . 24 2 . 67 8 8 . 26 
183 EGELAND HAMLI N  A H7-8 1 8  1 2 . 26 9 . 35 2 . 87 8 8 . 1 9  
1 8.3 EGELAND HAMLI N  8W1 818-e1 9 1 1 . 81 8 . 84 2 . 66 8 . 87 8 . 1 3  
18.3 EGELAND HAMLI N  8W2 81 9-825 6 . 45 4 . 5  1 . 44 8 . 87 8 . 1 3 
1 8.3 EGELAND HAMLI N  8C 825-837 5 . 39 7 . 86 1 . 44 8 8 . 1 3  
183 EGELAND HAML I N  C 1  837-852 .4 0 88 1 2 . 71 1 . 23 8 8 . 1 3  
1 8.3 EGELAND HAML I N  C2 852-868 5 . 56 2 1 . 96 1 . 84 8 8 . 1 3  
2 MADDOCK -GRANT AP eee-ee7 9 . 1 4  8 . 8  1 . 82 8 . 1 3  8 . 25 
2 MADDOCK GRANT AS 887-8 1 4  8 . 96 9 . 43 1 . 63 8 . 22 8 . 1 9 
2 t.tAOOOCK GRANT 8W 81 4-424 7 . 88 . 7 . 88 1 . 43 8 . 1 3  8 . 19  
2 MADDOCK GRANT BC 824-446 5 . 57 7 . 83 1 . 82 8 . 1 3  8 . 1 9 
2 MADDOCK GRANT c 846-868 5 .  96 2 1 . 82 1 . 43 a . 1 3  8 . 1 9 
42 t.tAOOOCK BROOK I NGS AP eee-ea8 1 3 . 5  4 . 37 1 . 83 8 . 39 a . 84 
42 MADDOCK BROOI< I NGS 8W H&-82 1 8 .  22 8 . 75 8 . 2 1 8 . 39 a . 26 
42 MADDOCK BROOI< I NGS C1  821-848 5 .  75 1 . 75 1 . 23 8 . 39 a . 26 
42 t.tAOOOCK BROOI< I NGS C2 848-868 6 . 72 4 . 36 8 . 41 a . 57 8 . 19  
73 WAOOOCk t.tARSHALL A eee-e1 2  7 0 1 1  5 . 39 2 . 42 8 8 . 5  
73 t.tAOOOCK t.tARSHALL AC 81 2-8 1 5  4 . 89 2 . 57 1 . 81  a a . 44  
73 WAOOOCK t.tARSHALL C 1  81 5-838 3 . 84 2 . 21 1 . 21  8 8 . 44 
73 MADDOCK WARSHALL C2 838-e68 4 . 34 1 . 96 1 . a1 a 8 . 44 
95 WAOOOCK ...OOOY AP 88e-ea8 1 2 . 1 5 7 . 35 2 . 22 8 ·  8 . 1 9  
95 MADDOCK ...OOOY 8W 888-81 4 1 3 . 83 7 . 85 2 . 6  8 8 . 1 2  
95 WAOOOCK t.toooY C 1  81 4-826 1 1 . 28 6 . 5  2 . 62 8 8 . 1 9  
95 t.tAOOOCK ...OOOY C2 a2&-e68 6 . 85 3 . 8  1 . 82 8 8 . 1 9  
3 ESTELL I NE GRANT AP 88&-ea8 33 . 1 2  37 . 34 6 . 99 8 . 3  a . 5 1 
3 ESTELLI NE GRANT AS 888-0 1 4  27 . 85 1 9 . 32 5 . 95 8 . 22 a . 25 
3 ESTELLI NE GRANT 8W 81 4-424 21 . 65 1 9 . 28 7 . 58 8 . 22 8 . 25 
3 ESTELLI NE GRANT 2C 82�68 5 . 7  22 . 75 1 . 65 8 . 3  8 . 1 9  
22 ESTELLINE CODI NGTON AP 88&-e86 28 . 85 1 . 88 3 . 89 8 . 39 8 . 64 
22 ESTELLI NE COO I NGTON 8W1 886-8 1 7  27 . 79 6 6 . 58 8 . 65 8 . 1 9  
22 ESTELLI NE COD I NGTON 8W2 81 7-827 23 . 52 6 . 5  5 . 97 8 .  6 1  8 . 1 3  
22 ESTELLI NE COO I NGTON 81< 1  827-834 1 5 . 71 28 . 88 6 . 79 8 . 57 8 . 1 9  
22 ESTELLI NE COD INGTON 81<2 834-837 1 8 . 96 23 . 75 6 . 1 7  8 . 44 8 . 1 3  
22 ESTELLI NE COO I NGTON 2C 837-868 6 .  88 1 4 . 25 3 . 89 1 . .39 8 . 86 
4.3 ESTELLI NE BROOK I NGS AP 88&-e89 24 . 22 1 . 62 8 . 82 8 . 78 8 . 57 
4.3 EST.ELLI NE BRO()t( I NGS BW1 889-817  22 . 87 7 . 49 3 . 9  8 . .39 8 . 1 9  
4.3 ESTELL I NE BROOK I NGS BW2 81 _7-8.38 1 9 . 55 1 1 . 1  6 . 57 8 . 61 8 . 19 
4.3 ESTELL I NE BROOK I NGS BK 8.3&-e45 1 5 . 93 39 . 38 5 . 97 8 . .35 8 . 1 9  
4.3 ESTELLI NE BROOK I NGS 2C1 845-858 9 . 5 25 . 1 3 3 . 89 8 . 65 8 . 26 
· . . 
1 5 3  
APPEICH X  TABLE D .  CEC AND EXTRACTABLE BASES RAW DATA . 
PROFI LE SERI ES COUNTY HOR I ZON DEPTH CEC CA WG NA K 
(MEQ/1 88G ) 
43 ESTELLINE BROOK INGS 2C2 ee-.88 8 . 38 1 8 . 68 2 . 87 8 . S2 8 . 1 8  
78 ESTELLINE MARSHALL AP eee-ee8 22 . 88 1 8 . 54 4 . 44 8 1 
79 ESTELLINE MARSHALL A tte&-ee8 22 . 84 1 8 . 81 4 . 84 8 8 . 88 
79 ESTELLINE MARSHALL BW1 888-e1 8  21  . 78 1 4 . 71 3 . 83 8 8 . 5  
79 ESTELLINE MARSHALL BW2 81 6-828 28 . 74 1 4 . 58 . 4 . 24 8 8 . 31 
79 ESTELLINE MARSHALL BK 82-38 1 3 . 8  33 . 95 7 . 28 8 8 . 1 9  
79 ESTELLINE MARSHALL 2C 83-68 8 . 59 23 . 41 8 . 88 8 8 . 1 3  
4 POINSETT GRANT AP eee-ee8 38 . 53 23 . 76 9 . 81 8 . 22 8 . 57 
4 POINSETT GRANT AS 888-8 1 2  27 . 98 2 1 . 84 1 8 . 83 8 . 35 8 . 5 1 
4 POINSETT GRANT 8W 81 2-e1 9 21 . 38 1 7 . 55 9 . 43 8 . 3  8 . 45 
4 PO I NSETT GRANT BK 81&-e27 2 1 . 83 58 . 1 9 1 7 . 27 8 . 3  • .  45 
4 PO I NSETT GRANT C1  827-e58 2 1  . 32 52 . 1 4 1 8 . 4 1 8 . 22 8 . 44 
4 PO I NSETT GRANT C2 858-868 1 8 . 87 41 . 79 1 8 . 43 8 . 3  8 . 45 
38 POINSETT DEUEL AP eee-t87 28 . 87 1 8 . 71 4 . 72 8 . 35 8 . 77 
38 POI NSETT DEUEL A 887-8 1 8  28 . 58 28 . 98 5 . 78 8 . 3  8 . 7  
38 POINSETT DEUEL BW1 818-81 4 24 . 98 28 . 23 5 . 78 8 . 3  8 . 57 
38 POINSETT DEUEL BW2 81 �25 22 . 35 1 7 . 45 5 . 74 8 . 3  8 . 57 
38 POINSETT DEUEL BK 1  825-838 24 . 21 58 . 33 9 . 21 8 . 22 8 . 7  
38 POINSETT DEUEL BK2 838-e42 28 . 38 58 . 2  7 . 81 8 . 1 3  8 . 64 
38 POINSETT DEUEL c 842-888 1 8 . 1 7 97 . 36 4 . 3 8 . 22 8 . 38 
58 POINSETT ROBERTS AP 88-8 29 . 82 9 . 58 3 . 63 8 . 87 8 . 5  
58 POINSETT ROBERTS BW1 88&-ee9 29 . 85 1 5 . 88 5 . 89 8 8 . 5  
58 POINSETT ROBERTS BW2 88&-e1 8 28 . 54 1 5 . 2 7 . 87 8 8 . 1 9 
58 PO INSETT ROBERTS BW3 81&-e21 25 . 8  1 5 . 87 8 . 87 8 8 . 1 9  
58 POINSETT ROBERTS . BK1  821 -e25 1 9 . 47 39 . 89 9 . 88 8 8 . 1 9  
58 POINSETT ROBERTS BK2 825-e32 1 5  35 . 85 8 . 85 8 8 . 1 9  
58 POINSETT ROBERTS c 832-e68 1 1  . ss 38 . S 1 9 . 28 8 8 . 1 3  
184 PO I NSETT �LIN AP eee-e89 3 1  . 88 2 1 . 88 8 . 38· 8 8 . 5 1  
184 PO I NSETT �LI N  BW1 889-e 15 38 . 83 28 . 33 8 . 37 e. 8 . 32 
184 POI NSETT �LI N  BW2 815-82 1  22 . 1 7 1 8 . 72 8 . 78 8 8 . 32 
1 84 POINSETT �L I N  BW3 821-827 22 . 86 1 5 . 88 7 . 2  8 8 . 45 
1 84 POI NSETT �LI N  BK 1  827-e41 1 5 . 8  44 . 2  7 . 79 e 8 . 5 1 
184 POINSETT �LI N  BK2 841-848 1 6 .  1 8  45 . 58 8 . 22 8 8 . 38 
1 84 POINSETT �LI N  2C 846-e68 1 4 . 78 44 . 83 8 . 44 8 8 . 38 
5 LADELLE GRANT AP eee-e88 26 . 45 38 . 1 7 4 . 1 1  8 . 3  1 . 82 
5 LADELLE GRANT A 886-41 8 21 . 88 45 . 89 5 . 1 2  8 . 22 8 . 5 1 
5 l.ADELLE GRANT C 1  81 8-e38 1 9  58 . 5  2 . 88 8 . 22 8 . 32 
5 LACELLE GRANT C2 836-468 22 . 32 88 . 83 5 . 97 8 . 22 8 . 38 
38 LADELLE DEUEL AP ee-.8 35 . 35 32 . 1 3 8 . 23 8 . 44 8 . 96 
36 LADELLE DEUEL A 888-81 7 43 . 3  33 . 83 8 . 64 8 . 49 8 . 58 
36 LACELLE DEUEL BW 817-e26 26 . 9  48 . 1 3 9 . 26 8 . 65 8 . 58 
36 LACELLE DEUEL BK 826-834 1 7 . 4  24 . 5  7 8 . 69 8 . 45 
36 LADELLE DEUEL ABU 83+-845 1 9 . 89 38 . 63 1 8 . 28 8 . 96 8 . 45 
36 LADELLE DEUEL c 845-e68 24 . 74 37 1 7 . 49 8 . 74 8 . 58 
. 59 LAOELLE ROBERTS AP eee-ee7 29 . 52 32 . 1 1  3 . 83 8 8 . 94 
59 LAOELLE ROBERTS A 887-8 1 8  29 . 42 32 . 1 6 3 . 8  8 8 . 93 
59 LAOELLE ROBERTS BW 81 8-e35 25 . 1 5  42 . 52 5 . 24 8 8 . 1 9  
59 LAOELLE ROBERTS ABU 835-843 26 . 54 48 . 81 1 1 . 9  · 8 8 . 25 
59 LAOELLE ROBERTS c 843-888 21 . 87 33 . 74 1 1 . 1 9  8 8 . 1 9  
182 LAOELLE GRANT AP eee-ee8 26 . 23 8 . 49 1 . 44 8 8 . 1 3  
1 82 LAOELLE GRANT A · 888-828 36 . 49 34 . 1 1  9 . 82 8 8 . 45 
182 LADELLE GRANT C1  828-838 1 7 . 88 47 . 1 4 8 . 39 8 8 . 38 
182 LACELLE GRANT C2 838-868 33 . 63 45 . 5  1 1 . 93 8 8 . 64 
6 HEl�AL GRANT AP 888-88  1 9 . 1 9  29 . 38 3 . 5 . 8 . 22 8 . 5 1 
6 HE I�AL GRANT AS 888-01 2 28 . 29 29 . 87 4 . 3 1  8 . 1 3  8 . 45 
6 HE I..clAL GRANT 8W 81 2-022 1 6 . 76 21 . 56 6 . 36 8 . 1 3  8 . 45 
6 HE I�AL GRANT BK 822-033 9 . 5  54 . 74 8 . 79 8 . 22 8 . 32 
. . 
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8 HEIY>AL GRANT c 833-888 7 . 74 S2 . 78 8 . 78 8 . 1 3  8 . 32 
87 HEit.I>AL ROBERTS AP ee&-ee8 28 . 22 1 8 . 8S 3 . 83 8 8 . 38 
87 HEIY>AL ROBERTS A 888-81 1 1 8 . 87 1 8 . 48 8 . 2S 8 8 . 31 
67 HEIY>AL ROBERTS BW 8 1 1-81 7 1 6 . 82 1 1 . S2 S . 24 8 8 . 44 
67 HEIY>AL ROBERTS BK 8 1 7-823 1 1 . 68 24 . 64 1 8 . 38 8 . 87 8 . 31 
67 HEIY>AL ROBERTS C1  823-835 1 2 . 86 23 . 53 " 1 2 . 9 1 8 . 87 8 . 3 1 
67 HEIY>AL ROBERTS C2 835-846 9 . 98 25 . 61 9 . 88 8 . 1 3  8 . 1 9  
67 HEIY>AL ROBERTS C3 848-868 1 8 . 59 38 . 48  6 . 46 8 . 1 8 8 . 25 
68 HEIY>AL ROBERTS AP 888-e86 27 . 92 22 . 69 5 . 98 8 . 1 3  8 . 5  
68 HEIY>AL ROBERTS · BW1 888-81 1 22 . 25 1 8 . 2  5 . S8 8 8 . 37 
68 HEit.I>AL ROBERTS ·BW2 81 1-818 1 9 . 89 8 . 48 8 8 8 . 38 
68 HEit.I>AL ROBERTS BK 818-831 1 8 . 57 1 3 . 71 4 . 39 8 8 . 25 
68 HEIY:>AL ROBERTS c 831-868 1 2 . 1 5  38 . 1 1  1 8 . 48 8 . 87 8 . 3 1  
1 1 1  HEJt.I>AL GRANT »' 888-887 24 . 89 1 8 . 57 5 . 33 8 8 . 64 
1 1 1  HEJt.I>AL GRANT BW1 887-4 1 7 1 9 . 78 1 1 . 6 6 . 98 8 . 87 8 . 26 
1 1 1  HEit.I>AL GRANT BW2 8 1 7-826 25 . 37 1 1  . 1 1  6 . 78 8 . 1 3  8 . 5 1 
1 1 1  HEit.I>AL GRANT BK 826-937 1 6 . 84 3 1 . 37 7 . 99 8 . 1 3  8 . 32 
1 1 1  HEJt.I>AL GRANT c 837-468 1 5 . 5 1 89 . 89 4 . 92 8 . 87 8 . 32 
7 S I SSETON GRANT A 888-887 1 1 . 62 59 . 27 5 . 73 8 . 1 3 8 . 76 
7 S ISSETON GRANT BK 1  887-8 1 7  9 . 1 8  54 . 89 4 . 92 8 . 22 8 . 57 
7 S ISSETON GRANT 81<2 81 7-83S 9 . 34 56 . 21 7 . 59 8 . 1 3 8 . 45 
7 S ISSETON GRANT c 835-868 1 8 .  83 52 . 63 8 . 85 8 . 1 3  8 . 45 
52 S ISSETON ROBERTS »' .-a 1 1 . 92 47 . 41 3 . 88 8 . 65 8 . S7 
52 S I SSETON ROBERTS 8K 1  888-81 8  1 1  . 1 8 5 1 . 27 7 . 8  8 . 87 8 . 32 
52 S ISSETON ROBERTS 81<2 •81 8-836 1 6 . 97 44 . 82 1 5 . 37 8 . 65 8 . 32 
52 S I SSETON ROBERTS c 836-e68 1 8 . 62 46 . 2  1 8 . 28 8 . 65 8 . 32 
63 S I SSETON ROBERTS A 888-886 2 1 . 86 46 . 89 3 . 83 8 8 . 56 
63 S ISSETON ROBERTS . BK 1  886-e 1 4  1 4 : 1 8  37 . 8 1 3 . 2  8 8 . 3-1 
63 S ISSETON ROBERTS BK2 81 4-e23 1 2 . 23 33 . 82 4 . 83 8 8 . 38 
63 S ISSETON ROBERTS C 1  823-834 1 1 . 28 34 . 3 1 8 . 68 8 8 . 38 
63 S I SSETON ROBERTS C2 834-e68 1 8 . 85 38 . 27 9 . 48 8 8 . 31 
1 1 8 S I SSETON GRANT AP 88&-e85 27 . 52 33 . 22 3 . 9 1 8 1 . 28 
1 1 0 S ISSETON GRANT BK1 885-81 9 1 7 . 68 37 . 84 3 . 49 8 8 . 83 
1 1 8 S I SSETON GRANT 81<2 81 9-833 1 5 . 54 48 . 67 8 . 81 8 8 . 32 
1 1 8 S ISSETON GRANT c 833-868 1 4 . 6 36 . 5  9 . 47 8 8 . 32 
8 TONKA GRANT AP �6 37 . 72 43 . 38 7 . 6 1 8 . 1 3  8 . 86 
8 T<N<A GRANT A 886-81 8  36 . 36 42 . 62 7 . 88 8 . 1 3  8 
8 TONKA GRANT E 8 1 &-e23 24 . 68 29 . 6  6 . 58 8 . 1 3  8 
8 TONKA GRANT BTl 823-831 25 . 1 22 . 56 7 . 8  8 . 1 3  8 
8 TONKA GRANT BT2 831-842 27 . 62 28 . 85 1 8 . 48  8 . 1 3  8 
8 TONKA GRANT BC 842 ... 58 25 . 55 29 . 26 1 2 . 89 8 . 1 3  8 
8 TONKA GRANT c 85-60 27 . 41 32 . 71 1 8 . 24 8 . 1 3  8 
38 TONKA DEUEL AP eee-e87 31 . 86 1 3  3 . 29 8 . 57 1 . 34 
38 TONKA DEUEL A 887 ... 1 2  31 . 38 1 1 . 7 3 . 28 8 . 3  8 . 96 
38 TONKA DEUEL E 81 2 ... 1 8  24 . 1 1  9 . 73 2 . 87 8 . 79 8 . 89 
38 TONKA DEUEL BT1 8 1&-e26 1 4 . 75 8 . 23 2 . 67 8 . 49 8 . 51 
38 TONKA DEUEL BT2 826-838 28 . 32 1 8 . 44 4 . 7  8 . 83 8 . 7  
38 TONKA DEUEL 2C 8J&-e68 1 7 . 35 1 4 . 93 6 . 76 8 . 39 8 . 57 
78 TONKA MARSHALL AP 888-489 36 . 1 8 28 . 68 6 . 66 8 2 . 38 
78 TONKA MARSHALL E 889-8 1 8  35 . 23 26 . 89 6 . 1 9  8 1 . 86 
78 TONKA MARSHALL BT1 8 1 &-e23 26 . 83 1 7 . 6  4 . 39 8 8 . 81 
78 TONKA MARSHALL BT2 823-4Me 27 . 1 5  1 5 . 9  4 . 59 8 8 . 99 
78 TONKA MARSHALL c 8 ..... 68 23 . 6  1 7 . 77 7 . 26 8 8 . 8 1  
94 TONKA DAY AP eee-ee6 59 . 52 1 7 . 77 4 . 8  .. 8 2 . 32 
94 TONKA DAY A 886-91 1 61 . 86 24 . 27 4 . 79 8 1 . 86 
94 TONKA DAY - E 81 1 -4 1 7 23 . 63 1 6 . 38 3 . 8  8 1 . 55 
94 TONKA DAY BT 1 8 17-82 1 38 . 85 1 3 . 71 5 . 79 8 1 . 68 vr 
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94 TONKA DAY BT2 821-833 29 . 73 1 4 . 68 6 . 59 8 1 . 74 
94 TONKA DAY BT3 833-e42 38 . 59 1 5 . 1 7  7 . 1 9  8 1 . 6 1  
94 TONKA DAY C1  842-8S 1 38 . 24 1 5 . SJ 7 . 1 9  8 1 . 55 
94 TONKA DAY 2C2 851-868 1 7 . 36 1 9 . 3  4 . 99 8 8 . 99 
9 DOVRAY GRANT AP eee-ee9 43 . 22 42 . 88 1 4 . 8 1 8 . 1 3  1 . 82 
9 DOVRAY GRANT A 889-821 45 . 83 42 . 7S 1 .5 . 82 8 . 22 8 . 38 
9 DOVRAY GRANT BG1 821-829 38 . 43 44 . 36 1 5 . 34 8 . 22 8 . 38 
9 DOVRAY GRANT BG2 829-841 38 . 72 4� . 99 1 2 . 89 8 . 1 3  8 . 32 
9 DOVRAY GRANT BK 841-854 25 . 85 68 . 4 1 9 . 83 8 .- 1 3  8 . 1 9  
9 DOVRAY GRANT c 854-868 1 7 . 86 S4 . 75 8 . 23 8 . 1 3  8 . 1 9  
56 DOVRAY ROBERTS A 1  888-887 48 . 99 25 . S2 7 . 99 1 . 1 3  8 . 83 
56 DOVRAY ROBERTS A2 887-822 56 . 8 1  1 5 . 23 8 . 87 4 . 61 8 . 57 
56 DOVRAY ROBERTS BWG1 822-831 48 . 71 48 . 33 24 . 67 1 8 . 1 5 8 . 57 
56 DOVRAY ROBERTS BWG2 831-848 46 . 57 45 . 94 1 8 . 24 1 8 . 41 8 . 5 1 
56 DOVRAY ROBERTS BCG 848-851 46 . 1 37 . 48 1 4 . 1 4  9 . 8 1 8 . 38 
56 DOVRAY ROBERTS CG 851-868 53 . 48 39 . 76 7 . 1 8  8 . 52 8 . 45 
88 DOVRAY MARSHALL AP eee-e01 45 . 1 2 31 . 62 9 . 88 8 . 87 2 . 32 
88 DOVRAY MARSHALL A1 887-81 8  54 . 58 25 . 37 1 2 . 3 1 8 . 1 3  1 . 32 
88 DOVRAY MARSHALL A2 81 8-e22 58 . 32 28 . 72 1 5 . 33 8 . 1 8  1 .  1 9  
88 DOVRAY MARSHALL: BKG 822-832 62 . 47 41 . 87 1 8 . 1 6 8 . 33 1 . 87 
88 DOVRAY MARSHALL CG 832-868 58 . 57 54 . 29 1 8 . 96 8 . 74 8 . 88 
1 1 2 DOVRAY GRANT A1 888-81 5 44 . 52 35 . 5  5 . 97 8 8 . 9  
1 1 2 DOVRAY GRANT A2 81 5-828 39 38 . 41 8 . 56 8 8 . 64 
. 1 1 2 DOVRAY GRANT BTG1 . 828-838 36 . 9 27 8 . 1 7  8 8 . 96 
1 1 2 DOVRAY GRANT BTG2 838-845 32 . 88 24 . 65 5 . 53 8 8 . 96 
1 1 2 DOVRAY GRANT CG 845-868 38 . 2 1  25 . 45 5 . 34 8 . 1 3  8 . 83 
1 8  PEEVER GRANT AP 88&-ees 21 . 4& 24 . 5  1 1 . 32 8 . 1 3  8 . 84 
1 8  PEEVER GRANT BT1 889-813 24 . 88 1 6 . 5 1 1 1 . 44 8 . 22 8 . 32 
1 8  PEEVER GRANT BT2 813-81 7 2S . 26 2 1 . 29 1 9 . 67 8 . 22 8 . 32 
1 8  PEEVER GRANT BTK 8 1 7-831 26 . 29 52 . 2  32 . 27 8 . 87 8 . 26 
18  PEEVER GRANT BK 831-842 27 . 1 1  5S . 84 42 . 3  1 . 52 8 . 38 
1 8  .PEEVER GRANT c 842-868 2S . 62 1 42 . 9 1 39 . 27 1 . 52 8 . 57 
34 PEEVER DEUEL AP 888-e87 26 . 84 1 1 . 88 7 8 . 49 1 . 28 
34 PEEVER DEUEL BT 1 887-815  26 . 49 4 . 88 . 4 . 53 8 . 49 1 . 2 1  
34 PEEVER DEUEL BT2 8 1 5-825 26 . 81 1 4  1 2 . 96 1 . 39 8 . 77 
34 PEEVER DEUEL BC 825-834 21 . 49 53 . 5  28 . 99 2 . 83 8 . 64 
34 PEEVER DEUEL c 834-468 28 . 75 25 . 7S 1 7 . 88 4 . 89 8 . 5 1  
58 PEEVER ROBERTS AP 88&-ee7 32 . 84 1 4 . 97 S . 75 8 . 3  1 . 6 
58 PEEVER ROBERTS BT1 887-81 2 38 . 53 1 4 . 24 5 . 76 8 . 44 8 . 96 
58 PEEVER ROBERTS BT2 81 2-828 29 . 86 1 1 . 85 6 . 57 8 . 35 8 . 45 
58 PEEVER ROBERTS BK1 828-832 29 . 8 1 35 . 77 9 . 85 8 . 52 8 . 45 
58 PEEVER ROBERTS BK2 832-839 31 . 67 28 . 64 1 8 . 66 8 . 79 8 . 32 
58 PEEVER ROBERTS BK3 839-849 25 . 43 " 23 . 75 1 8 . 88 1 . 39 8 . 38 
58 PEEVER ROBERTS c 849-868 29 . 34 32 . 47 1 6 . 83 2 . 1 3  8 . 45 
83 PEEVER t.tARSHALL AP eee-ee8 35 . &6 31  5 . 45 8 1 . 1 3 
83 PEEVER t.tARSHALL BT1 888-e14 35 . 1 4 38 . 51 5 . 45 8 8 . 75 
83 PEEVER t.tARSHALL BT2 81 4-4 1 7  33 . 86 23 . 77 5 . 65 8 . 87 8 . 5  
83 PEEVER WARSHALL 81< 1  81 7-824 27 . 87 32 . 28 6 . 59 8 8 . 5  
83 PEEVER WARSHALL 81<2 824-438 28 . 3  45 . 34 8 . 67 8 8 . 44 
83 PEEVER MARSHALL c 838-868 21 . 86 28 . 82 1 3 . 98 8 . 4  8 . 3 1 
1 1  FORMAN GRANT AP 88&-ee& 23 . 25 1 9 .  1 1  4 . 52 8 . 22 8 . 45 
1 1  FORUAN GRANT BT 886-8 1 6 1 9 . 28 1 8 . 78 5 . 53 8 . 1 3  8 . 25 
1 1  FORMAN GRANT 81<1 8 1 6-823 1 8 . 36 55 . 65 5 . 94 .8 . 1 3  8 . 25 
1 1  FORUAN GRANT BK2 823-834 1 6 . 3 1  53 . 52 6 . 98 8 . 1 3  8 . 26 
1 1  FoRuAN GRANT c 834-868 1 7 . 1 1  58 1 3 . 5 1  8 . 1 3  8 . 25 
26 FORMAN COOINGTON AP 88&-ee4 27 4 . 38 1 . 65 8 . 35 8 . 6 1 
26 FORMAN COO INGTON BT 884-41 8  1 7 . 24 1 3 . 75 5 . 76 8 . 36 8 . 33 
· . . 
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26 FORUAN COO INGTON BTl< e1 a-.26 1 1 . 64 9 . 75 1 . 44 8 . 36 8 . 3  
26 FORUAN COO INGTON 81< 826-844 9 .  88 35 . 63 6 . 79 8 . 3  8 . 26 
26 f� COO INGTON c 844-e68 1 3 . 28 8 . 88 2 . 87 8 . 35 8 . 35 
33 f� DEUEL AP 8e&-ee8 26 . 81 1 2 . 63 6 . 1 7 8 . 57 8 . 58 
33 FORUAN DEUEL BT1 888-81 4 28 . 68 1 5 . 25 8 . 84 8 . 39 8 . 58 
33 FORUAN DEUEL BT2 8 14-e2 1  27 . 84 1 2 . 88  1 8 . 29 8 . 49 8 . 64 
33 FORUAN DEUEL BK1 821-826 21 . 83 43 . 25 1 8 . 88 8 . 57 8 . 58 
33 f� DEUEL BK2 826-836 1 7 . 72 4� . 5  1 1 . 73 8 . 57 8 . 5 1 
33 FCRAAN DEUEL c 836-868 1 5 . 33 2 1 . 38 7 . 61 8 . 83 8 . 5 1 
51 f�N ROBERTS AP eee-ee6 28 . 41 1 5 . 8 1 4 . 32 8 . 61 8 . 84 
51 FCRAAN ROBERTS BT1 886-818 24 . 9  1 5 . 1 3 4 . 53 1 . 3 1  8 . 32 
51  FCRAAN ROBERTS BT2 818-819 28 . 82 . 1 8 . 36 4 . 32 8 . 22 8 . 32 
51 FCRAAN ROBERTS BK 81 9-829 1 4 . 44 26 . 71 3 . 88 8 . 69 8 . 25 
51 FORMAN ROBERTS C1  829-846 1 3 . 97 25 . 87 4 . 91 8 . 81 8 . 25 
51 FORMAN ROBERTS C2 846-868 1 3 . 84 28 . 5  8 . 79 8 . 52 8 . 26 
77 FORMAN WAASHALL A eee-ee8 38 . 54 24 . 83 5 . 84 8 8 . 5  
77 FORMAN WAASHALL BT1 888-81 3 27 . 87 1 9 . 36 4 . 84 8 8 . 3 1 
77 FORMAN WAASHALL • BT2 81 3-828 22 . 3  1 6 . 1 8  5 . 45 8 8 . 25 
77 FORMAN WAASHALL BK 828-831 1 6 . 85 38 . 48 5 . 84 8 8 . 25 
77 FORMAN WAASHALL c 831 -868 1 4 . 32 37 . 5  8 . 27 8 8 . 1 9  
1 2  MSTAD GRANT AP eee-ee6 38 . 75 33 . 47 6 . 99 8 . 1 3  8 . 83 
1 2  MSTAD GRANT A 886-81 1 31 . 32 27 . 85 6 . 1 7  8 . 1 3  8 . 51 
1 2  MSTAD GRANT AS 81 1-81 7 27 . 7 1  25 . 1  8 . 78 8 . 1 3  8 . 38 
1 2  MSTAD GRANT BW 817-829 38 . 47 22 . 84 8 . 33 8 . 22 a . 38 
1 2  MST.-'0 GRANT BK 829-838 1 9  . .a 56 . 38 4 . 73 a . 1 3 a . 32 
1 2  MSTAD GRANT c 838-86a 1 8 . 2 1  53 . 75 4 . 5  8 . 1 3 a . 32 
55 . MSTAD ROBERTS AP eee-ee8· 34 . 1 8  22 . 73 4 . 93 a . 83 a . 45 
55 MSTAD ROBERTS A 888-81 2  3a . 46 28 . 3 1 5 . 54 a . 65 8 . 32 
55 MSTAD ROBERTS BW1 8 1 2-8 1 8  26 . a8 1 5 . 94 4 . 92 a . 78 a . 25 
55 MSTAD ROBERTS BW2 81 8-838 24 . 5  1 5 . 63 6 . 1 7  a . 61 a . 32 
55 MSTAO ROBERTS BK 838-836 1 8 . 1 6  45 . 78 5 . 1 3  a . 74 a . 26 
55 MSTAO ROBERTS C1  8�6-849 24 . 31 5 1 . 79 5 . 94 8 . 74 8 . 1 9  
55 MSTAD ROBERTS C2 849-868 1 9 . 65 42 . 75 6 . 58 8 . 74 8 . 32 
82 MSTAD MARSHALL A1 8ae-e1 a 36 . 44 35 . a5 7 . 67 a a . 38 
82 MSTAO MARSHALL A2 818-81 5 29 . 93 2 1 . 8 1  5 . 24 a 8 . 25 
82 MSTAD MARSHALL BW 81 5-825 26 . 29 1 7 . 1 6  5 . 24 a 8 . 3 1 
82 MSTAD WAASHALL BC 825-828 23 . 86 1 4 . 83 5 . 84 8 8 . 3 1 
82 MSTAD MARSHALL C1  828-831 1 9 . 52 35 . 42 6 . 25 8 8 . 3 1 
82 MSTAD WAASHALL C2 831 -844 1 7 . 89 32 . 23 5 . 45 8 8 . 25 
82 MSTAD MARSHALL C3 844-e68 1 2 . 32 38 . 24 5 . 65 a 8 . 25 
93 MSTAO DAY AP 8ee-ee8 38 . 5 . 2 1 . 84 4 . 99 8 1 . 86 
93 MSTAO DAY A 888-81 4  26 � 98 2 1 . 32 5 . 24 8 8 . 69 
93 MSTAO DAY BW 81 4-e35 26 . 2  1 9 . 85 5 . 65 a a . 56 
93 MSTAD DAY BK 835-844 1 6 . 85 35 . 42 6 . 66 a a . 3 1 
93 MSTAD DAY c 844-e6a 1 7 . 6 1 26 . 33 9 . 79 a 8 . 37 
1 3  VALLERS GRANT A1  888-887 48 . 85 73 . 93 1 7 . 47 8 . 22 a . 5 1  
13  · VALLERS GRANT A2 887-8.15  31 . 82 6 1 . 75 1 1 . 52 8 . 1 3  a . 26 
13 VALLERS GRANT BK 815-e21 24 . 22 68 . 75 1 8 . 7 8 . 1 3  8 . 26 
13  VALLERS GRANT BKG 82 1-832 1 9 . 9 1 59 . 38 1 8 . 86 8 . 22 8 . 26 
13  VALLERS GRANT CG 1  832-841 1 8 . 85 57 . 83 9 . a3 8 . 13 a . 25 
1 3  VALLERS GRANT CG2 841-868 1 6 . 42 55 . 1 9 6 . 78 8 . 1 3 8 . 32 
29 VALLERS DEUEL A1 eee-ee7 38 . 55 49 . 33 7 . 6 1 8 8 . 32 
29 VALLERS DEUEL A2 ae7-e13 29 . 38 48 . 88 5 . 52 8 . 0 . 25 
29 VALLERS DEUEL 8KG1 81 3-828 22 . 57 44 6 . 38 . 8 0 . 26 
29 VALLERS DEUEL 8KG2 02e-e33 19 . 71 35 . 79 5 . 73 • 8 . 32 
29 VALLERS DEUEL CG 833-860 1 6 . 82 41 . 63 5 . 1 4  8 0 . 32 
48 VALLERS ROBERTS AP 808-806 21 . 49 37 . 25 1 8 . 49 2 . 94 0 . 77 
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48 VALLERS ROBERTS A 888-81 1 1 4 . 1 6  41 1 3 . 1 3  2 . 44  8 . 7  
48 VALLERS ROBERTS BKG1 81 1-828 28 . 46 47 . 25 1 2 . 55 2 . 59 8 . 5 1 
48 . VALLERS ROBERTS BKG2 828-828 1 2 . 87 49 . 85 1 8 . 85 2 . 8  8 . 51 
48 VALLERS ROBERTS CG1 828-838 1 3 . 1 9  31 . 84 8 . 22 3 . 2 1 8 . 57 
48 VALLERS ROBERTS CG2 838-868 1 8 . 31 28 . 66 7 . 1 8  3 • ..S 8 . 57 
72 VALLERS t.tARSHALL AP 888-888 28 . 87 22 . 45 7 . 59 8 8 . 43 
72 VALLERS t.tARSHALL BK 1  888-8 1 2  1 6 . 23 28 . 34 8 . 27 8 8 . 3 1  
72 VAL
.
LERS t.tARSHALL BK2 81 2-8 1 8  1 7 . 27 1 7 . 65 1 8 . 89 8 . 87 8 . 3 1  
72 VALLERS t.tARSHALL c 8 1 8-868 28 . 83 1 6 . 79 1 1 . 9 8 . 22 8 . 5  
1 4  BUSE GRANT A 8ee-e87 37 . 34 31 . 63 4 . 32 8 . 1 3  6 . 84 
1 4  BUSE GRANT BK 1  887-8 1 2  23 . 94 65 4 . 32 8 . 1 3  8 . ·32 
1 4  BUS£ GRANT 81<2 8 1 2-824 28 . 5J 56 . 1 5 6 . 76 8 8 . 32 
1 4  BUSE GRANT c 824-868 1 8 . 6  56 . 54 9 . 2  8 . 1 3  8 . 32 
25 BUSE COO INGTON A 888-885 28 . 5  1 2 . 88 2 . 67 8 . 44 8 . 88 
25 BUSE COO INGTON 81< 1  885-81 2 28 . 21 3 . 5  8 . 62 8 . 44  8 . 45 
25 BUSE COO INGTON 81<2 8 1 2-8 1 7  1 7 . 1 2  3 1 . 25 3 . 5  8 . 52 8 . 32 
25 BUSE COOINGTON c 817-868 1 4 . 97 1 6  3 . 9 1 8 . 44 8 . 33 
35 BUSE DEUEL A 888-889 24 . 59 26 . 88 4 . 53 8 . 44 8 . 45 
35 BUSE DEUEL 81< 1  889-822 1 5  . 44 52 . 1 3 4 . 73 8 . 52 8 . 1 3  
35 BUSE DEUEL 81<2 822-838 1 3 . 32 3 1 . 75 5 . 35 8 . 74 8 . 86 
35 BUSE DEUEL c 838-868 1 3 . 57 1 7 . 5  3 . 7  8 . 44 8 . 1 9  
44 BUSE BROOK I NGS AP 888-884 1 7 . 7  8 . 62 8 . 41 8 . 52 8 . 32 
44 BUSE BROOK I NGS 81< 1  884-828 1 5 .  89 25 . 75 2 . 88 8 . 48  8 . 1 9  
44 BUSE BROOKI NGS BK2 828-832 1 5 . 87 1 . 75 8 . 62 8 . 44 8 . 1 3  
44 BUSE BROOK I NGS c 832-868 1 7 . 83 1 2 . 74 5 . 34 8 . 69 8 . 1 9 
54 BUSE ROBERTS A 888-888 33 . 48 32 . 68 2 . 87 1 . 1 6 8 . 7  
54 BUS£ ROBERTS BK 888-828 1 7 . 79 ' 49 . 63 3 . 29 8 . 9 1 8 . 38 
54 BUS£ ROBERTS C1  828-836 1 6 . 49 53 . 54 4 . 1 8 . 69 8 . 45 
54 BUS£ ROBERTS C2 836-868 1 8  . 44 54 5 . 1 4  8 . 83 8 . 38 
74 BUS£ t.tARSHALL A 888-884 31 . 67 1 8 . 75 4 . 24 8 1 . 44 
74 BUSE t.tARSHALL AS 884-888 38 . 1 1  1 6 . 79 4 . 44 8 1 . 44 
74 BUSE t.tARSHALL 8K 888-82 1 1 8 . 57 28 . 83 4 . 44 I 1 . 44 
74 BUS£ t.tARSHALL c 12 1-861 1 5 .  18  1 7 . 65 5 . 84 8 1 . 44 
1 5  BROOKI NGS GRANT AP 888-887 34 . 47 32 . 43 9 . 2  8 . 1 3  1 . 57 
1 5  BROOK INGS GRANT A 887-81 2 31 . 76 24 . 48 9 . 84 8 . 1 3  8 . 32 
1 5  BROOK INGS GRANT BW1 8 1 2-81 7 29 . 87 21 . 88 1 8 . 49 8 . 1 3  8 . 32 
15  BROOKINGS GRANT 8W2 81 7-825 28 . 84 28 . 27 1 1 . 47 8 . 1 3  1 . 25 
15  BROOK I NGS GRANT ' 28K1 825-833 1 5 . 28 45 . 33 1 2 . 95 8 . 1 3  8 . 26 
15  BROOK INGS GRANT 28K2 833-852 1 2 . 8  48 . 92 1 1 . 7  8 . 1 3  8 . 26 
1 5  BROOKINGS GRANT 2C 852-868 1 6 . 13  43 . 2 1 1 6 . 86 8 . 1 3  8 . 26 
28 BROOKINGS COOINGTON AP 888-886 29 . 68 28 5 . 35 8 . 69 8 . 64 
21 BROOK INGS COO INGTON A 886-8 1 3  24 . 87 2 . 5  1 . 23 8 . 44 8 . 32 
28 BROOK INGS COO INGTON BW1 81 3-81 8 27 . 48 8 . 1 3  5 . 1 4  8 . 39 8 . 26 
28 BROOK INGS COO INGTON BW2 81 8-825 1 9 . 1 9  7 . 63 7 8 . 44 8 . 1 9  
28 BROOK INGS COO INGTON 281<1 825-829 1 3 . 37 · 1 9  4 . 53 8 . 57 8 . 1 3  
21 BROOK INGS COO INGTON 281<2 829-848 1 2  . 97 25 . 38 5 . 1 4  8 . 47 8 . 1 9  
28 BROOK INGS COO INGTON 2C 848-868 1 1  . 61  48 5 . 97 8 . 83 8 . 13 
45 BROOK INGS BROOK I NGS AP 888-887 32 . 57 2 . 37 3 . 9  8 . 74 8 . 5 1 
45 BROOK INGS BROOK I NGS A 887-8 1 3  33 . 82 7 . 24 9 . 84 8 . 61 8 . 45 
45 BROOK INGS BROOK I NGS BW 81 3-823 28 . 68 8 . 25 3 . 49 8 . 6 1 8 . 38 
45 BROOK I NGS BROOK I NGS BK 123-848 28 . 1 1  31 . 56 1 1 . 9 1 8 . 79 8 . 38 
45 BROOK I NGS BROOK I NGS 2C 148-868 1 8 . 82 33 . 75 9 . 85 8 . 52 8 . 32 
9 1  BROOK INGS DAY AP 888-888 27 . 52 1 4 . 44 4 . 2  I 8 . 74 
91  BROOK I NGS DAY A 888-8 1 3  21 . 78 1 4 . 83 6 . 46 8 1 . 44 
9 1  BROOK INGS DAY BW1 1 1 3-821 28 . 62 9 . 59 5 . 39 8 1 . 31 
91  BROOK INGS DAY BW2 82 1-827 21 . 26 1 8 . 42 7 . 67 e 1 . 38 
91  BROOK INGS DAY 281< 827-835 1 6 . 57 32 . 6  8 . 27 8 1 . 25 
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81 BROOK I NGS DAY 
96 BROOKI NGS YJOOY 
96 BROOK I NGS YJOOY 
96 BROOK I NGS YJOOY 
96 BROOI< I NGS YJOOY 
96 BROOK I NGS YJOOY 
96 · BROOK I NGS MOODY 
1 8  BARNES GRANT 
1 6  BARNES GRANT 
1 6  BARNES GRANT 
1 6  BARNES GRANT 
62 BARNES ROBERTS 
62 BARNES ROBERTS 
82 BARNES ROBERTS 
82 BARNES ROBERTS 
62 BARNES ROBERTS 
92 BARNES DAY 
92 BARNES DAY 
92 BARNES DAY 
92 BARNES DAY 
99 BARNES HAMLI N  
99 BARNES HAMLI N  
99 BARNES HAMLI N  
99 BARNES HAMLI N  
99 BARNES HAMLIN 
1 8 1 BARNES GRANT 
181  BARNES GRANT 
181  BARNES GRANT 
181  BARNES GRANT 
1 7  VI ENNA GRANT 
1 7  V I ENNA GRANT 
1 7  V I ENNA GRANT 
1 7  V I ENNA GRANT 
1 7  VI ENNA GRANT 
1 7  VI ENNA GRANT 
1 7 VI ENNA GRANT 
23 VI ENNA COO INGTON 
23 VI ENNA COO I NGTON 
23 VI ENNA COO INGTON 
23 VI ENNA COO INGTON 
23 V I ENNA COO INGTON 
23 VI ENNA COO INGTON 
47 VI ENNA BROOK I NGS 
47 VI ENNA BROOK INGS 
47 V I ENNA BROOK I NGS 
47 VI ENNA BROOK INGS 
47 VI ENNA BROOK INGS 
98 VI ENNA HAMLI N  
98 VI ENNA HAMLIN 
98 VI ENNA HAMLIN 
98 VI ENNA HAMLI N  
98 VI ENNA HAMLIN 
1 8  FORDVI LLE GRANT 
1 8  FORDVI LLE GRANT 
1 8  FORDVI LLE GRANT 
1 8  FORDVI LLE GRANT 
1 8  FORDVI LLE GRANT 
CEC AND EXTRACTABLE BASES RAW DATA . 


























































835-e88 2� - �2 
88&-889 33 . 1 � 
889-81 3• 38 . ... 
81 3-022 28 . 1 �  
822�38 24 . 47 
838-838 1 7 . 79 
838-868 1 9 . 48 
.....-s 28 . 3  
885-e 1 3  28 . 48 
81 3-028 1 3 . 1 5  
828-868 1 1  
88&-884 27 . 33 
884-889 28 . 71 
889-8 1 7  1 8 . 85 
81 7�27 1 3 . 28 
827�68 1 2 . 32 
88&-886 27 . 94 
88�1 3  24 . 9  
813-032 1 4 . 92 
832�88 21 . 69 
88&-885 37 . 71 
885-e1 8  2.3 . 54 
81�29 1 3 . 22 
82�38 1 4 . 32 
838-868 . 1 3 . �2 
888-886 27 . 88 
886-41 7 21 . 7� 
81 7�27 1 7 . 74 
827�68 1 3 . 36 
888-887 48 . 1 8  
-887-818  39 . 1 2 
81 8-8 1 5  .31 . 92 
81 5-828 1 4 . 38 
828-828 1 3 . 77 
828-836 1 8 . 93 
83�68 1 4 . 33 
88&-886 29 . 22 
888-889 2� . 24 
889-81 7  22 . 6  
81 7-823 1 8 . 34 
823-829 1 4 .  48 
82�68 1 2 . 23 
88&-889 2.3 . 94 
889-81 5  28 . 9  
81 5-821 1 4 . 94 
821-834 1 3 . 37 
834-847 1 .3 .  78 
eee-ee7 28 . 41 
887-81 4 26 . 37 
81 4-8 1 8  23 . 61 
818-831 1 2 . 37 
831-868 1 7 . 82 
88&-887 24 . 72 
887-4 1 3  22 . 85 
81 3-81 7 2.3 . . 68 
81 7-824 28 . 88 
82+-828 6 . 93 
CA e.G 
(MEQ/1 88G ) 
32 . 88 1 7 . �8 
1 8 . 71 8 . 1 7  
1 7 . 2� 9 . 88 
1 � . 28 · 1 8 . 82 
1 3 . 1 8 . 86 
28 . 5  9 . 8� 
28 . 78 8 . 4  
� . 84 4 . 9  
1 � . 84 4 . 93 
4� . 57 3 . 89 
43 . 41 9 . 86 
2 1 . 8 1 3 . 83 
1 5 . 29 3 . 8  
1 2 . 62 3 . 43 
38 . 48 3 . 23 
41 . 9 1  2 . 62 
28 . 1  4 . 2-4 
28 . 22 3 . 8.3 
36 . 78 4 . 8-4 
37 . 75 9 . 48  
23 . 83 8 . 98 
28 . 25 5 . 1 -4  
39 . 72 � . 94 
28 . 47 8 . 46 
1 . 37 8 . 82 
1 8  .. 2 4 . 72 
1 3 . 61 4 . 52 
37 . 89 4 . 1 
48 . 1 3  4 . 1 2  
42 . 1 3 1 1 . 1 1  
36 . 89 1 1 . 89 
32 . 8.3 1 8 . 87 
1 9 . 1 7 5 . .33 
49 : 9  5 . 9.3 
47 . 62 5 . 1 
53 . 87 5 . 55 
9 4 . 32 
9 • .38 � . 56 
7 . 1 3 5 . 97 
9 . 5  6 . 1 7  
23 8 . 38 
26 . 88 8 . 23 
1 6 . 88 5 . 78 
1 5  5 . 62 
1 8 . 32 8 . 36 
1 7 . 25 7 . 2  
1 4 . 99 7 . 1 9  
33 . 43 8 . 81 
.31 . 28 5 . 95 
24 . 8  4 . 72 
23 . 73 4 . 9 1 
23 . 71 8 . 33 
1 6 . 2  4 . 92 
28 . 35 2 . 86 
1 5 8  
NA K 
8 . 3  8 . 43 
8 8 . 63 
8 8 . 32 
8 8 . 2� 
8 8 . 26 
8 8 . 26 
8 8 . 32 
8 . 1 3  1 . 33 
8 . 1 3 8 . 26 
8 . 22 8 . 1 9 
8 . 22 8 . 1 9 
8 8 . 25 
8 8 .  1 .3  
8 . 87 8 . 1 3  
8 8 . 1 3  
8 8 . 1 3  
8 8 . 56 
8 8 . 25 
8 8 . 1 9 
8 8 . 3 1 
8 1 . 28 
8 8 . 5 1 
8 8 . 32 
8 8 . 32' 
8 8 
8 8 . .38 
8 8 . 1 9  
8 8 . 1 9  
8 8 . 1 9 
8 . 1 3  8 . 38 
8 . 22 8 . 25 
8 . 1 3 8 . 25 
8 . 22 8 . 19  
8 . 1 3  8 . 1 9 
8 . 1 3  8 . 2� 
8 . 1 3  8 . 26 
8 . 44 8 . 58 
8 . ... 8 . 32 
8 . 49 8 .  1 .3  
8 . 57 8 . 1 3 
8 . ... 8 . 86 
8 . 44 8 . e6 
8 . 32 e . 76 
e .  1 4  1 . 85 
e .  1 1  1 . 41 
e . 89 1 . 8 1  
8 . 1 1 .  73 
8 8 . 57 
e 8 . 38 
8 8 . 45 
8 8 . 32 
8 8 . 32 
8 . 87 8 . 38 
e 8 . 25 
8 . 1 3  8 . 1 9 
8 . 87 8 . 1 9  
8 8 . 1 3  
· . . 
1 5 9  
APPEND I X  TABLE D .  CEC AND EXTRACT ABLE BASES RAW DATA . 
PROFI LE SERI ES COUNTY HORIZON DEPTH CEC CA t.G NA K 
(WEQ/ 1 88G )  
1 8  FORDVI LLE GRANT 2C2 828-888 2 .  93 23 . 38 1 . 82 8 . 87 8 . 1 3  
28 FORDV I LLE COO INGTON AP eee--M6 23 . 4  1 3 . 38 3 . 9 1  8 . 26 8 . 58 
28 FORDVI LLE CODI NGTON BW1 88&-81 2  23 . ..S 1 • .  1 3  4 . 73 8 . 26 8 . 5 1 
28 FORDVI LLE COO INGTON BW2 81 2-8 1 7  35 . 63 1 3 . 25 4 . 73 8 . 26 8 . 45 
28 FORDVI LLE COO INGTON BC 81 7-824 1 5 . 83 1 • .  63 4 . 1 2  8 . 52 8 . 38 
28 FORDVI LLE COD INGTON 2C1 824-827 4 . 7  1 2 . 25 1 . 85 8 . 26 8 . 26 
28 FORDVI LLE COO I NGTON 2C2 827-868 3 . 29 1 8 . 63 1 . 23 8 . 52 8 . 26 
32 FORDVI LLE DEUEL AP 881-886 22 . 8• 1 � . 88 3 . 7  8 . 52 8 . 5 1 
32 FORDVI LLE DEUEL A 886-81 2  22 . 82 1 1 . 38 3 . 5  8 . 26 8 . 38 
32 FORDVI LLE DEUEL BW1 812-818  28 . 69 8 . 38 3 . 89 8 . 28 8 . 28 
32 FORDVI LLE DEUEL BW2 81 8-825 1 8 . 1 7  9 . 5  3 . 91 8 . 28 8 . 1 9  
32 FORDVI LLE DEUEL BC 825-833 22 . 8. 1 1 . 88 8 . 1 7  8 . 26 8 . 1 9  
32 FORDVI LLE DEUEL 2C1 833-838 5 . 79 1 8 . 5  2 . 26 8 . 26 8 . 1 3  
32 FORDVI LLE DEUEL 2C2 838-868 3 . 2  1 1 . 63 1 . 23 8 . 79 8 . 86 
53 FORDVI LLE ROBERTS AP 881-886 27 . 4 1 6 . 38 4 . 73 8 . 35 8 . 58 
53 FORDVI LLE ROBERTS A 886-889 24 . 68 1 2 . 5  3 . 9 1 8 . 79 8 . 26 
53 FORDVI LLE ROBERTS BW1 889-81 7  2 1 . 42 1 2 . 5  3 . 5  8 . 57 8 . 1 9  
53 FORDVI LLE ROBERTS BW2 81 7-e22 28 . 1 2 1 4 . 85 4 . 52 8 . •  9 8 . 1 3  
53 FORDVI LLE ROBERTS ·2C1 822-826 8 . 3  8 . 63 2 . 47 8 . 35 8 . 86 
53 FORDVI LLE ROBERTS 2C2 82&-e88 5 . 75 4 . 88 2 . 88 8 . 61 8 . 86 
78 FORDVI LLE MARSHALL AP 8&e-ee7 38 . 63 28 . 47 8 . 25 8 8 . 25 
78 FORDVI LLE MARSHALL BW1 887-818 25 . 51 2 • .  88 6 . 68 8 8 . 1 9  
78 FORDVI LLE MARSHALL BW2 818-81 7 23 . 95 1 6 . 9 1 • .  84 8 8 . 25 
78 FORDVI LLE MARSHALL ac 81 7-822 21 . 95 1 2 . 99 3 . 83  8 8 . 1 3  
78 FORDV I LLE MARSHALL C1  822-e25 15 .  79 1 3 .  1 1  3 . 83 8 8 . 1 9  
78 fORDV I LLE MARSHALL 2C2 825-868 • .  5 1  1 8 . 8 1 1 . 8 1  8 . 87 8 . 1 3  
1 9 " D I V I DE �T AP ee&-087 29 . 58 53 . 27 1 2 . 73 8 . 87 8 . 32 
1 9  D I V I DE GRANT BK 887-81 9 1 7 . 98 51 . 29 1 1 . 48 8 . 1 3  8 . 1 9" 
1 9  D IV IDE GRANT C 1  81 9-823 1 5 . 6  51 . 49 8 . 8  8 . 1 3  8 . 1 9  
1 9  D IV I DE GRANT 2C2 823-838 8 . 92 28 . 6  3 . •  9 8 . 87 8 . 1 9  
1 9  D IV IDE GRANT 2C3 838-868 5 . 96 27 . 5 1 2 . 85 8 . 1 3  8 . 1 3  
65 D IV IDE ROBERTS A1  888-886 21 . 3. 23 . 8• 1 2 . 7 1 8 . 87 8 . 1 9  
65 D IV IDE ROBERTS A2 886-812 28 . 89 29 . 1 7 1 6 . 5. 8 . 87 8 . 3 1 
65 D I V I DE ROBERTS BK 8 1 2-822 1 3 . 45 34 . 87 7 . 87 8 8 . 1 3  
65 D IV IDE ROBERTS 2C1 822-832 3 . 95 28 . 58 2 . 6  8 8 . 86 
65 D IV IDE ROBERTS 2C2 832-868 4 . 73 1 9 . 85 1 . 8 8 8 . 86 
84 DIVIDE MARSHALL AP 888-887 1 7 . 79 38 . 52 2 . 82 8 8 . 81 
84 D IVIDE MARSHALL A 887-e18 1 8 . 39 43 . 75 2 . 42 8 8 . 8 1 
84 D IVIDE t.tARSHALL BK 1  8 1 8-8 1 7  1 3 . 54 46 . 81 3 . 83 8 8 . 56 
84 DIV I DE t.tARSHALL BK2 817-eJ8 1 8 . 83 33 . 5  8 . 1 9  8 8 . •  3 
84 D IVIDE MARSHALL 2C1 838-836 7 . 21 29 . 8. 6 . 25 8 8 . 4. 
84 D I V I DE ·MARSHALL 2C2 83&-e68 3 .  1 8  24 . 39 3 . 6  8 8 . 31 
1 85 D IV I DE HAMLI N  AP 888-884 38 . 24 57 . 1 9 9 . 66 8 8 . 7  
1 85 D IVIDE twALIN A 884-889 26 . 37 53 . 63 1 8 . 49 8 8 . 7  
1 85 D I V I DE HAMLI N  BK 1  889-8 1 7  31 . 5 1 43 . 25 1 8 .  1 1  8 . 1 3  8 . 38 
1 85 D I V I DE HAML IN BK2 81 7�38 1 6 . 44 38 . 21 1 6 . 24 8 . 1 3  8 . 38 
1 85 D IVIDE HAMLI N  2C 838-868 7 . 86 28 . 69 3 . 28 8 . 1 3  8 . 1 3  
27 KRANZBURG COO I NGTON AP ltMHt87 33 . 81 1 . 38 8 . 62 8 . 39 8 . 7  
27 KRANZBURG COD INGTON A8 ee1-e 1 2  28 . 1 3 8 . 88 6 . 79 8 . 36 8 . 57 
27 KRANZBURG COO INGTON BW 81 2�23 24 . 96 8 . 38 8 . 44 8 . 57 8 . 56 
27 KRANZBURG COO INGTON 8K 1 823-828 1 8 . 55 26 . 75 1 5 . 43 8 . 57 8 . 46 
27 KRANZBURG COO I NGTON 2BK2 828-848 1 2 .  89 7 . 25 2 . 88 8 . •  4 8 . 36 
27 KRANZBURG COO INGTON 2C 8�68 1 2 . 87 35 . 63 9 . 47 8 . 26 8 . 45 
1 KRANZBURG BROOI< I NGS 8�9 27 .. 84 1 4 . 5  4 . 73 8 . 57 8 . 58 
4 1  KRANZBURG BROOI< INGS BW1 889-818 24 . 79 1 8 . 88 5 . 1 4  8 . 61 8 . 5 1 
4 1  KRANZBURG BROOK I NGS 8W2 81 8-825 28 . 34 1 3 . 6  7 . 39 . 8 . 57 8 . 57 
41  KRANZBURG BROOK I NGS 281<1 825-e29 1 3 . 98 28 3 . 29 8 . 87 8 . 45 
• ' 
1 6 0  
APPEN>IX TABLE D .  CEC AND EXTRACTABLE BASES RAW DATA . 
PROFI LE SER I ES . COUNTY HORIZON DEPTH CEC CA t.eG NA K 
(MEQ/188G ) 
41 KRANZBURG BROOKINGS 281<2 829-842 1 5 . 89 32 . 59 5 . 78 8 . 87 8 . 45 
41  KRANZBURG BROOK INGS 2C 842-868 1 4 . 3  38 . 1 8 8 . 37 8 . 74 8 . 45 
8 1  KRANZBURG MARSHALL AP 888-887 25 . 34 1 5 . 69 5 . 45 8 1 . 88 
8 1  KRANZBURG MARSHALL A 887-8 1 8  25 . 78 1 5 . 29 5 . 99 8 8 . 99 
81 KRANZBURG MARSHALL BW1 8 18-81 4 23 . 1 1  1 5 . 41 8 . 98 8 8 . 56 
8 1  KRANZBURG MARSHALL BW2 8 14-828 22 . 3  1 3 . 36 . 7 . 86 8 . 87 8 . 38 
81  KRANZBURG MARSHALL BK 828-826 1 7 . 88 1 9 . 24 7 . 46 8 . 87 8 . 25 
8 1  �ZBURG MARSHALL 2C 1 826-834 1 4 . 75 38 . 82 1 1 . 9  8 . 1 8  8 . 1 9  
8 1  KRANZBURG MARSHALL 2C2 834-888 1 6 . 48 24 . 83 1 3 . 92 8 . 81 8 . 38 
98 KRANZBURG DAY AP eee-ee9 1 8 . 57 1 9 . 98 4 . 84 8 8 . 94 
98 KRANZBURG DAY BW1 889-814 22 . 82 1 8 . 38 5 . 24 8 8 . 5  
98 KRANZBURG DAY BW2 81 4-827 28 . 88 28 . 39 8 . 99 8 8 . 43 
98 KRANZBURG DAY 281< 827-839 1 8 . 48 42 . 77 1 1 . 3 8 8 . 38 
98 KRANZBURG DAY 2C 839-868 1 7 . 79 29 . 53 1 3 . 92 8 8 . 38 
97 KRANZBURG t.«llOY AP 888-888 29 . 47 1 5  5 . 56 8 . 1 3  8 . 45 
97 KRANZBURG t.«llOY BW1 888-e1 4 28 . 2  1 5 . 86 7 . 1 9  8 . 1 3  8 . 26 
97 KRANZBURG t.«llOY BW2 81 4-827 25 . 1  1 5 . 92 7 . 78 8 . 22 8 . 25 
97 KRANZBURG .o:>DY BK 1 827-835 1 8 . 76 39 . 1 3 8 . 23 8 . 26 8 . 1 9  
97 KRANZBURG .o:>DY 2BK2 835-839 1 5 . 76 35 . 45 8 . 86 8 . 1 3  8 . 25 
97 KRANZBURG t.«llOY 2C 839-868 28 . 4  36 . 55 9 . 45 8 . 87 8 . 38 
39 LAWURE DEUEL A1  88&-818 32 . 48 41 . 1 3 1 9 . 1 4  8 . 57 8 . 45 
39 l.AMOURE DEUEL A2 81 8-833 29 . 2 1  47 . 75 1 8 . 49 8 . 74 8 . 38 
39 l.AMOURE DEUEL CG1 833-845 24 . 28 48 . 1 3 8 . 2 1 8 . 6 1 8 . 38 
39 LAWOURE DEUEL CG2 845-068 23 . 43 23 . 23 4 . 52 8 . 57 8 . 5 1 
46 l..AWOURE BROOI<INGS AP .  888-e88 32 . 23 28 . 88 5 . 58 8 . 49 8 . 58 
46 LAWOURE BROOK I NGS A eea-e 1 7  38 . 36 28 . 55 5 . 33 8 . 35 8 . 5 1 
46 �E BROOK INGS BWG 817-828 22 . 85 3 1 . 88 4 . 1 1  8 . 35 8 . 57 
.... 6 LAMouRE BROOK INGS- CG1 828-837 1 9 . 55 35 . 63 4 . 73 8 . 44 8 . 5 1 
46 LN.OJRE BROOK INGS CG2 837-868 1 8 . 64 33 . 38 "4 . 32 8 . ..... 8 . 5 1 
69 L.At.tOURE ROBERTS AP 88&-886 51 . 45 . 56 . 25 1 8 . 89 8 1 
69 l.AMOURE ROBERTS A 886-81 8  46 . 68 52 . 57 1 8 . 69 8 1 
69 LN.OJRE ROBERTS BWG 1  818-81 6 ..... . 42 54 . 1 7 1 8 . 89 8 8 . 8 1 
69 LN.OJRE ROBERTS BWG2 -8 1 6-821 33 . 25 54 . 49 9 . 1 9 8 8 . 62 
69 LAWURE ROBERTS ABU 821 -827 31 . 82 44 . 54 8 . 99 8 8 . 74 
69 LN.OJRE ROBERTS CG1 827-838 1 9 . 1 8  47 . 43 6 . 85 8 8 . 5  
69 LN.OJRE ROBERTS CG2 838-868 22 . 3  47 � 92 7 . 26 8 . 87 8 . 56 " 
1 88 �E BROOK INGS A1  88e-e89 36 . 55 58 . 41 1 1 . 3 8 . 47 8 . 5 1 
. 1 88 LAWURE BROOKI NGS A2 889-8 1 8  28 . 97 48 . 98. 1 8 . 2  1 . 48 8 . 32 
1 88 LAWURE BROOK I NGS 8G1 818-e28 23 . 3  36 . 95 1 2 . 3 1 1 . 89 8 . 1 8  
1 88 LAUOURE BROOKINGS 8G2 828-e39 1 3 . 1 8  37 . 8 1 8 . 5  8 . 88 8 . 1 5  
1 88 LAMOURE BROOKI NGS CG 839-858 1 3 . 87 8 . 88 8 . 1 8  
1 88 l.AMOURE - BROOKI NGS ABU 858-857 24 . 92 45 . 2 1 1 1 . 29 8 . 94 8 . 26 
31 SINA I  DEUEL AP 888-888 ..... . 85 5 . 63 2 . 26 8 . 52 1 . 34 
31 S INA I  DEUEL BW1 eea-e 1 3  47 . 5  . 1 8 . 41 8 . 26 1 . 82 
31  S INAI  DEUEL BW2 8 1 3-e 1 9  48 . 49 6 . 63 3 . 89 8 . 26 8 . 77 
31  S INAI  DEUEL 8C 81 9-825 31 . 54 38 . 5  7 . 41 8 . 52 8 . 83 
31 S INAI DEUEL C1 825-034 29 . 47 9 . 5  3 . 29 8 . 52 8 . 45 
31 SINA I  DEUEL C2 83�68 26 . 78 1 3  5 . 1 4 8 . 52 8 . 45 
48 S INA I BROOK I NGS AP 888-088 38 . 27 1 7  4 . 53 8 . 65 2 . 1 7  
48 SINA I  BROOK I NGS A 888-8 1 1 22 . 35 1 6  4 . 94 8 . 74 . 1 . 89 
48 SINAI  BROOK I NGS BW1 8 1 1-81 5  38 . 31 1 3  6 . 1 7 8 . 87 8 . 64 
48 SINAI BROOK I NGS BW2 815-822 26 . 75 1 7 . 38 7 . 82 8 . 87 8 . 26 
48 SINA I  BROOK INGS BK 1 822-825 22 . 75 35 . 88 6 . 79 8 . 52 8 . 1 9  
48 S I NA I  BROOK I NGS 81<2 825-035 2 1 . 67 44 . 25 . 9 . 85 8 . 83 8 . 26 
48 SINA I  BROOK INGS c 835-868 22 . 35 47 . 76 1 8 .-24 8 . 3  8 . 38 
66 S INA I ROBERTS AP 88&-086 48 . 59 39 . 83 7 . 26 - 8 8 . 88 
66 S INAI  ROBERTS BW1 886-8 1 1 52 . 86 33 . 95 7 . 46 8 8 . 75 
. . 
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APPEND I X  TABLE D .  CEC AND EXTRACTABLE BASES RAW DATA . 
PROFI LE SERI ES COUNTY HOR IZON DEPTH CEC CA e.G NA K 
(WEQ/1 88G) 
66 S INAl ROBERTS BW2 81 1-81 7 41 . 93 31 . 82 9 . 39 8 8 . 88 
66 S I NA l  ROBERTS BK 81 7-833 32 . 54 43 . 75 8 . 88 8 8 . 63 
66 S INA I  ROBERTS C 1  833-844 29 . 56 39 . 8 1 9 . 59 8 8 . 5  
66 S I NA I  ROBERTS C2 844-868 29 . 24 37 . 75 1 8 . 89 8 . 87 8 . 5  
71  S I NA I  WARSHALL AP 88&-888 43 . 38 34 . 93 . 6 . 25 8 8 . 75 
71  SINAI WARSHALL BW 888-8 1 9  41 . 3  28 . 68 9 . 88 8 8 . 38 
71  S I NA I  WARSHALL BK 1  81 9-828 31 . 28 45 . 15 1 8 . 99 8 8 . 25 
71 S I NA I  WARSHALL 81<2 828-858 45 . 2  3� . 22 1 7 . 1 5  8 . 22 8 . 38 
71 S I NA I  WARSHALL c 85&-868 32 . 36 38 . 85 1 7 . 55 8 . 3  8 . 5  
49 HAWAR ROBERTS AP ·888-888 8 .  96 3 . 49 1 . 23 8 . 39 8 . 57 
49 HAWAR ROBERTS A 888-81 5 8 . 95 2 . 99 1 . 83 8 . 6 1 8 . 5 1 
49 HAWAR ROBERTS AC 8 1 5-821 9 . 5  3 . 49 1 . 64 8 . 44 8 . 45 
49 HAWAR ROBERTS CG 1  82 1-834 8 . 68 2 . 62 2 . 86 8 . 35 8 . 45 
49 HAWAR ROBERTS CG2 834-888 9 . 87 1 . 88 1 . 85 8 . 6 1 8 . 45 
61  HAWAR ROBERTS AP 88&-888 1 5 .  29 1 2 . 62 3 . 8  8 8 . 3 1 
61 HAWAR ROBERTS A 888-8 1 6  1 1 . 71 8 . 1 9  4 . 83 8 8 . 1 3  
6 1  HAWAR ROBERTS At; 81 6-822 9 . 71  1 9 . 9  4 . 39 8 8 . 1 3 
61  HAWAR ROBERTS CG1 822-831 7 . 46 1 7 . 28 2 . 82 8 8 . 1 3  
61  HAWAR ROBERTS CG2 831-868 6 . 5 1 5 . 5 1 1 . 82 8 8 . 1 3  
76 HAMAR WARSHALL A 1  88&-8 1 6  9 . 54 7 . 84 2 . 82 8 . 1 3  8 . 44 
76 HAWAR WARSHALL A2 8 1 6-823 5 . 29 5 . 76 2 . 82 8 8 . 1 3  
76 HAWAR WARSHALL CG1 823-828 4 . 34 4 . 1 7  1 . 2 1  8 8 . 1 9  
76 HAWAR WARSHALL CG2 828-848 4 . 43 4 . 78 1 . 2 1  8 8 . 1 3  
76 HAWAR WARSHALL CG2 848-888 8 . 24 23 . 65 3 . 23 8 8 . 1 3  
87 HAWAR WARSHALL AP 88&-ee8 1 4 . 32 1 1 . 27 1 . 4 1  8·. 65 1 . 1 9 
87 HAWAR WARSHALL A 888-815 1 3 . 45 8 . 82 2 . 62 2 . 48 8 . 75 
87 . HAMAR WARSHALL AC 8 1 5-828 1 2 . 41 6 2 . 62 2 . 48 8 . 75 
87 HAWAR WARSHALL CG1 828-843 8 . 25 4 . 98 2 . 2  1 . 39 8 . 5  
87 HAMAR WARSHALL CG2 843-868 8 . 68 . 5 . 27 3 . 63 1 . 1 3 8 . 56 
68 HECLA ROBERTS AP 88&-887 8 .  33 5 . 82 1 . 2 1  8 8 . 44 
68 HECLA ROBERTS A 887�2 1 8 . 76 7 . 48  2 . 82 8 8 . 25 
68 HECLA ROBERTS AC 821 �32 7 . 9  4 . 78 1 . 2 1  8 8 . 1 9  
68 HECLA ROBERTS C 1  832�43 6 . 94 3 . 92 1 . 2 1  8 . 87 8 . 1 3 -
68 HECLA ROBERTs · C2 843-868 8 . 24 6 . 37 3 . 23 8 8 . 1 3  
64 HECLA ROBERTS AP 88&-889 8 .  1 6  4 . 85 1 . 2 8 8 . 37 
64 HECLA ROBERTS A 889-81 4  9 . 28 7 . 6  2 . 82 8 8 . 1 9  
64 HECLA ROBERTS AC 81 4-828 8 . 1 6  5 . 64 1 . 4 1  8 8 . 1 9  
64 HECLA ROBERTS C 1  82&-837 7 . 1 1  4 . 53 1 . 6 1  8 . 87 8 . 1 9  
64 HECLA ROBERTS C2 837�48 6 . 5 1 5 . 27 2 . 62 8 . 87 8 . 1 3  
64 HECLA ROBERTS C3 848�68 5 . 58 1 5 . 85 1 . 4 8 . 87 8 . 1 3  
75 HECLA WARSHALL AP 88&-889 6 .  7 3 . 76 1 . 4 8 8 . 44 
75 HECLA -WARSHALL A 889-827 6 . 1 3 . 88 1 . 6 8 8 . 44 
75 HECLA WAR SHALL AC 827�35 5 . 38 2 . 82 1 . 41  8 8 . 44 
75 HECLA WARSHALL c 835-868 4 . 25 2 . 88 1 . 8 1  8 8 . 44 
86 HECLA WAR SHALL AP 88�88 12 . 41 8 . 82 2 . 82 8 1 . 57 
86 HECLA WAR SHALL A 888-0 1 9  1 8 . 85 7 . 23 2 . 42 8 1 . 1 9 
86 HECLA WAR SHALL AC 8 1 �32 8 . 5  8 . 37 2 . 62 8 . 1 3  8 . 56 
86 HECLA WARSHALL C 1  832-048 8 . 42 6 . 99 2 . 82 8 8 . 5  
86 HECLA WARSHALL C2 84�68 8 . 59 3 1 . 74 3 . 63 8 8 . 38 
24 WAUBAY COO INGTON AP 888-686 38 . 25 1 2  6 . 58 8 . 49 1 . 28 
24 WAUBAY COOI NGTON A 886-e1 3  28 . 3 1 1 2 . 75 6 . 1 7  8 . 39 8 . 8 1 
24 WAUBAY COOI NGTON BW1 813-017 24 . 68 1 8  7 8 . 49 8 . 56 
24 WAUBAY COO I NGTON BW2. 81 7-024 21 . 98 9 . 38 6 . 1 7  8 . 35 8 . 49 
24 WA�AY COOI NGTON BK 1  824-033 1 8 . 46 26 . 75 7 . 41 8 . 49 8 . 38 
24 WAUBAY COO I NGTON BK2 833-045 1 4 . 67 28 . 38 1 8 . 88 8 . 57 8 . 33 
24 WAUBAY COO iNGTON c 84�68 1 7 . 4  26 . 1 3 1 3 . 99 . 1 . 22 8 . 36 
37 WAUBAY DEUEL A1  eee-e1 0  38 . 75 1 8  4 . 53 8 . 52 - . 83 
· . . 
1 6 2  
APPEND IX TABLE D .  CEC AKl EXTRACTABLE BASES RAW DATA . 
PROFI LE SER I ES COUNTY HORIZON DEPTH CEC CA WG NA K 
(WEQ/1 88G) 
37 WAUBAY DEUEL A2 8 18-81 8 34 . 86 22 . 75 8 . 58 8 . 57 8 . 7  
37 WAUBAY DEUEL BW 81 6-826 33 . 93 23 . 25 7 . 41 8 . 65 8 . 7  
37 WAUBAY DEUEL BK1 81 6-832 28 . 22 58 . 87 7 . 1 9  8 . 87 8 . 57 
37 WAUBAY DEUEL BK2 832-839 28 . 32 45 5 . 35 8 . 61 8 . . 58 
37 WAUBAY DEUEL c 839-868 1 9 . 28 63 . 69 1 8 . 87 8 . 74 8 . 7  
57 WAUBAY ROBERTS AP 888-887 31 . 64 1 8 . 93 5 . 99 8 8 . 74 
57 WAUQAY ROBERTS A 887-81 2 28 . 5  1 8 . 26 7 . 46 8 8 . 5  
57 WAUBAY ROBERTS BW1 8 12-8 1 8  22 . 87 1 5 . 87 8 . 47 8 . 87 8 . 25 
57 WAUBAY ROBERTS BW2 818-e24 24 . 87 2 1 . 2  8 . 25 8 . 87 8 . 1 9  
57 WAUBAY ROBERTS BK 824-e32 28 . 4  37 . 62 1 8 . 49 8 . 87 8 . 1 9  
57 WAUBAY ROeERTS C1  832-84 7 33 . 53 39 . 34 1 4 . 32 8 . 87 8 . 31 
57 WAUBAY ROB ERTS C2 847-868 28 . 97 35 . 29 9 . 68 8 . 1 3  8 . 38 
85 WAUBAY MARSHALL AP 88&-886 38 . 37 21 . 81 5 . 24 8 1 . 63 
85 WAUBAY MARSHALL A 886-81 3  38 . 37 28 . 22 5 . 24 8 8 . 63 
85 WAUBAY MARSHALL BW1 8 1 3-8 1 8  29 . 5  28 . 47 6 . 66 8 8 . 5  
85 WAUBAY WAR SHALL BW2 81 8-e28 28 . 44 1 7 . 35 8 . 59 8 8 . 43 
85 WAUBAY MARSHALL BK 828-e42 1 8 . 1 3  37 . 62 8 . 79 8 8 . 31 
85 WAUBAY WAR SHALL c 842-868 1 6 .  83 29 . 41 1 8 . 89 8 8 . 3 1 
1 86 WAUBAY HAUL I N  AP 888-887 38 . 68 1 7 . 73 7 . 8 1 8 8 . 7  
1 86 WAUBAY HAUL I N  A 887-81 2 26 . 9  1 3 . 88 7 . 2  8 8 . 58 
186 WAUBAY HAMLIN BW 8 1 2-8 1 8  24 . 64 1 5 . 59 8 . 83 8 8 . 57 
1 86 WAUBAY HAUL I N  BK 1  818-e26 1 5 . 9  44 . 66 1 8 . 27 8 8 . 5 1 
1 86 WAUBAY HAMLIN BK2 826-835 1 1 . 51 34 . 5  1 1 . 1 1  8 8 . 5 1 
1 86 WAUBAY HAUL IN C1 835-844 1 4 . 69 36 . 75 1 3 . 37 8 . 87 8 . 45 
. 1 86 WAUBAY HAUL I N  C2 844-e68 1 4 . 83 27 . 1 7 9 . 85 8 . 1 3· 8 . 45 
